Aspects of purine metabolism in man by Bruyn, C.H.M.M. de
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/148655
 
 
 
Please be advised that this information was generated on 2017-12-05 and may be subject to
change.
ASPECTS OF PURINE METABOLISM IN MAN 
C.H.M.M. DE BRUYN 

ASPECTS OF PURINE METABOLISM IN MAN 
Promotores: Prof. Dr. SJ. Geerts 
Prof. Dr. E.D.A.M. Schretlen 
Co-referent: Dr. T.L. Oei 
ASPECTS OF PURINE METABOLISM IN MAN 
PROEFSCHRIFT 
TER VERKRIJGING VAN DE GRAAD VAN DOCTOR IN DE 
GENEESKUNDE AAN DE KATHOLIEKE UNIVERSITEIT TE 
NIJMEGEN, OP GEZAG VAN DE RECTOR MAGNIFICUS 
PROF. MR. F.J.F.M. DUYNSTEE VOLGENS BESLUIT VAN 
HET COLLEGE VAN DECANEN IN HET OPENBAAR TE 
VERDEDIGEN OP VRIJDAG 22 NOVEMBER 1974 DES 
NAMIDDAGS OM 4.00 UUR 
DOOR 
CHRISTIANUS HENDRIKUS MATTHIAS MARIA DE BRUYN 
GEBOREN TE GELEEN 
1974 
DRUK: STICHTING STUDENTENPERS NIJMEGEN 

CONTENTS 
page 
I INTRODUCTION 8 
II CLINICAL CKNETICS 
p a p e r 1: An a t y p i c a l c a s e of h y p o x a n t h i n e - g u a n i n e 
p h o s p h o r i b o s y l t r a n s f e r a s e d e f i c i e n c y 
(Lesch-Myhan syndrome) I C l i n i c a l S t u d i e s . 
C l i n . G e n e t . 4 ,348-152 ( 1 9 7 3 ) . 16 
p a p e r 2: An a t y p i c a l c a s e of h y p o x a n t h i n e - g u a n i n e 
p h o s p h o r i b o s y l t r a n s f e r a s e d e f i c i e n c y 
(Lesch-N'yhan syndrome) IT G e n e t i c S t u d i e s . 
C l i n . G e n e t . 4 , 353-359 ( 1 9 7 3 ) . 21 
p a p e r 3 : P u r i n e p h o s p l i o r i b o s y l t r a n s f e r a s e s i n 
hunan b a i r r o o t s . 
Her-nato log ica 146 (1974) i n n r e s s . 28 
p a p e r 4 : S t u d i e s on b a i r r o o t s f o r c a r r i e r d e t e c t i o n 
i n h y p o x a n t h i n e - g u a n i n e p h o s p h o r i b o s y l 
t r a n s f e r a s e d e f i c i e n c y . 
C l i n . G e n e t . 5 , 449-456 ( 1 9 7 4 ) . 38 
I I I CKLL BIOLOGY 
paper 5 : Lesch- ' iyhan syndrome: i n c o r p o r a t i o i of 
h y p o x a n t h i n e i n s t i m u l a t e d l y m p h o c y t e s . 
E x p t l . C e l l 4 e s . 7«, 450-452 ( 1 9 7 3 ) . 46 
p i p e r Α. : ΓΙ t r i - m i c r o c hem i c a l q u a n t i f i c a t i o n of 
enzyme a c t i v i t i e s w i t h r a d i o a c t i v e s u h -
S t Г λ t P. s . 
Submit t e l . 49 
fjaper 7 : O^valopment of a m i c r o îP-P' iT a c t i v i t v 
a s s i y : p r e l i m i n a r y c o m p l e m e n t i t i o a s t u d i e s 
w i t h Lasrh-^ 'yhan c e l l s t r a i n s . I n : 
•"urine Metabo l i sm i n 'Ian ( 0 . S p e r l i n g , 
\ . d ( ; V r i e s and J . " , l / yn^aa rden , E d s . ) p p . 
3 1 1 - 3 1 5 , Plenum P r e s s , New York, 1974. 58 
p a p e r 3 : S t u d i e s on m e t a b o l i c c o o p e r a t i o n u s i n g 
d i f f e r e n t t y p e s of n o r a i l and h y p o x a n t h i n e -
g u a n i n e p h o s p h o r i b o s y l t r a n s f e r a s e (Н0-РЧТ) 
J 2 f i c i e n t c e l l s . 
I n : P u r i n e " . fe tabol i sn i n Man ( 0 . S p e r l i n g , 
A. Jii V r i e s and J . 4 . I . 'ynf^arden, E d s . ) p p . 
2 3 7 - 2 4 3 , T , ien ' i- ' ^r--ss, N'ew York, 1974. 63 
5 
IV BIOCHEMISTRY 
paper 9: Purine utilisation in hurnη erythrocytes 
I Purine interconversions in -іогтіі і-И 
hypoxanthine-guani ne phosphorіЬоч ! trans­
ferase deficient red ЪІооЛ cells, 
Submitted. 70 
paper 10:Purinc utilisation in hu-nan erythrocytes II 
Demonstration of purine phosphoribosyl 
transferase activities in red cell nc-n-
branes. 
Submitted. 89 
paper ll:Purine utilisation in Ічпэп erythrocytes 
III Uptake of guanine, hypoxanthine and 
adenine. 
Submitted. 103 
paper 12:Purine utilisation in hunan prythrocytes 
IV Effects of osmolarity and pH on 
retention of purine phosphoribosyl trans­
ferase activities in fjhost preparations. 
Submitted. 118 
V DISCUSSION 
p a p e r 1 3 : A s p e c t s of p u r i n e m e t a b o l i s m i n n a n . 
S u b m i t t e d . 132 
VI SUMIIARY-SAMENVATTING. 171 
6 

ілтиогшстто:; 
The i n t e r e s t for a p a r t i c u l a r inborn e r r o r of purine -netino-
l ism, knovm as the Lesch-Nyhan syndrcrie, froTi the ч і і е of t^o 
Ι
 Ί 
P e d i a t r i c s Departnent ' " an l^ the Departnnnt of Hu^an renPtii.-=: of 
the Nijmegen Medicil Facul ty , was the "notivation to s t a r t the 
present r e s e a r c h pro jec t uhich was supportai, by a grant fron 
FUNGO, Foundation for Medical S c i e n t i f i c Reseirch in the V t h o r -
l a n d s . The three p o i n t s of na in i n t e r e s t i n t h i s p r o j e c t v r r c : 
(1) c a r r i e r d e t e c t i o n in the Lesch-4yhan syndrome, (?) ' ί-chrono­
some i n a c t i v a t i o n and (3) metabolic cooperat ion hptwecn nori^il 
and g e n e t i c a l l y de fec t ive c e l l s . 
The papers 4 and 3 i n t h i s c o n p i l a t i o n were ("'irccted a t (1) 
and ( 3 ) , r e s p e c t i v p l y ; ( 2 ) , deal ing with the i n a c t i v a t i o n of one 
of t h e two X-chromosomes in fenale c e l l s , i s i i s c u s s e d in several 
p l a c e s (papers 2,4 and 8 ) . 
In these i n v e s t i g a t i o n s the main a t t e n t i o n has been focusse-1 
on the so-cal led ' ' r e - u t i l i s a t i o n " or ' ' за і аче'1 pathways of pu­
r i n e s . The enzymes respons ib le for these mechanisms are hvpox-
anthine-guanine phosphoribosvl t r a n s f e r a s e (НС-РТГ.Г .С . 2 .4 .2 .4) 
and adenine phosphoribosyl t r a n s f e r a s e (Λ-PRT; K.C. Р . ^ . г . ? ) . Tho 
former епгугае c a t a l y s e s the conversion of the purine bases hypox-
anthine and guanine t o the corresponding S'-mononucleotidps Γ Ρ 
and GMP, r e s p e c t i v e l y . The l a t t e r enzyme c a t a l y s e s th» com'ersion 
of adenine to \4P. Co-substrate in both r e a c t i o n s i s r) ' -phosphor i -
bosyl-1-pyrophosphate (PRPP; see a l so f i f s . 1 and 2 in paper 13) . 
I n the course of the experiments a d d i t i o n a l i n f o r n a t i o n in several 
r e l a t e d f i e l d s was c o l l e c t e d and,consequent ly, the r e s u l t s e i n he 
divided i n t o three c a t e g o r i e s : 
I . CLINICAL GENETICS: Some c l i n i c a l and genet ic a spect s of an 
inborn e r r o r of purine -netabolisn a s s o c i a t e d u i t h l e f i c i e n c y 
of HG-PRT; 
I I . CELL BIOLOGY: Studies on the express ion of the !10-σΤΤ locus 
8 
')v члЧinj; u s e 0f SPnetically IcEective cells. 
III. BIOC ÎTIMISTRY: Stuíies on the significance of purine salvage 
nec'ianisns in intact himan erythrocytes. 
So^e ciaracLeristics of hurian '^^-"RT. 
The natural purine bases guanine ιηΊ 'ivnoxanthine, as well as 
an analogue of the latter coiPOOun.l, 6-^ercapto-purine, are the best 
purine substrates for hu-nin чг.-РТГ . Allopurinol, another analogue 
of hypoxant line, is also a substrata although enzvne activity is 
only 2A to 3% of the activitv neasure 1 with the other substrates 
λ 4 
neatione·! before. Xanthine is a verv poor substrate ' . 
Kn values for hypoxanthiie and pua.iine ire about П.цМ and 4.uM, 
5 . . . . . . 
respectively . The enzvne exhibits hyperbolic kinetics with each 
of these substrates. Hunan .IC-PP.T ilso exhibits hvperbolic kinetics 
'iith the non-pur ine co-substrate "Ч"1''. The Hn fur PTlDP has been re­
porte! to be approximately 24,uM with either hvpoxanthine or guanine 
\ 5 
' . This value is about 30 tmes higher than that of human A-PRT, 
which would allow the latter enzyne to compete much more effecti-
LO 
7 
vely for D,IPP in the cell . In addition, the normal concentration 
of PRPP in culturel human fibroblasts a.iJ in human erythrocytes 
is probably less than 2% of the 'CF vilue. 
Hnan HG-PRT is activate1 by i^içnesi'jn ions uith optimal concen-
trations гап^іпд from 2 m' to 20 -'. "Zr.zvna activity is nearljr un­
charge'. over a pH ran^e from 7.1 to 9.1. The reaction products GMP 
and I'P inhibit the enzyme in a manner that is corpetitive with 
respect to PR"'Ί, and non-competiti ve r^ith respect to guanine and 
hypoxanthine ' . The enzyme can be inactivated by sulfhydril reac-
tants such as p-chloro^ercuribenzoate ani \"-ethylnaleinide аті 
tf'.is can be prevented by tb··? prior incubation of the enzyme with 
Ρ.ΊΡΡ^ . 
The normal human HS-PRT has a Stokns radius of 36 Angstroms with 
a molecular weight of 58,000 and is probably composed of two sub-
units which have identical molecular weight an! charge . The nor-
4 3 
mal enzyme fron erytnrocytes appears to exist in two , three , or 
10 
four different electrophoretic forms.Tn one studv the iso-electric 
points for three different electrophoretic variants have been 
3 
found to be 5.66, 5.35 and 6.00, respectively . The exact nature 
of this electrophoretic heteroçjeneity has not been elucLlated; it 
might result from a non^enetic, posttranscriptional alterations 
of one or both subunits. 
The following remarks intend to introduce the papers of the 
present compilation in their mutual connection. In addition, nore 
general experimental evidence not bein^ covered by introduc-
tions of the separate papers is given. 
Ad. I: CLINICAL GENETICS 
Purine synthesis de novo, the stepwise formation of IMP 
in a series of ten reactions, starting with PXPP and 
ending with the central intermediate IMP, was thought 
to be the most important source of purine supply.There-
fore, the role of the purine phosphoribosyl transferases 
in normal metabolism was long considered to be of minor 
importance and mainly that of preventing wasteful dis-
posal of free purine bases. 
When, however, the devastating effects of a congenitil 
lack of HG-PRT activity in man became known , a re-eva-
luation of the purine phosphoribosyl transferases and their 
physiological significance was necessary. 
HG-PRT deficiency has been reported to be associated 
with a profound disturbance of purine metabolism resul-
ting in increased purine synthesis de novo and hyper-
uricemia. The clinical picture, known as the Lesch-Nyhan 
12 . 
syndrome , includes mental retardation, spastic cerebral 
palsy, choreathetosis and behavioral disturbance vith self-
mutilation. In some individuals and families я HG-PUT defi­
ciency, increased purine synthesis de novo, hyperuricemia and 
1 3 
usually severe gout are encountered 
10 
Papers 1 .ind 2 present the results of a study of 
severe 4G-PRT deficiency ina patient with X-linked gout, 
but not being affecteJ with the Lesch-Nyhin syndrome. 
Although paper 1 is a clinical rather than an experimen-
til report it has not been left out because the findings 
provided a starting point for the exploration of new 
experimental possibilities in several areas.Paper 3 des­
cribes a new micro method of neisurinc 4G-PRT activity 
in single hairroots in relation to A-PRT activity. In 
paper 4 the results of carrier detection studies with 
hairroots in sone families are presented and related 
to the phenomenon of X-chromosome inactivation. 
CELL BIOLOGY 
ilQ-PRT and Λ-PRT have predominantly been studied in 
tnammalinn blood cells and cultured skin fibroblasts. Both 
enzynes are also expressed in several other organs of the 
rat and mouse , rhesus monkey and ran . TIG-PRT was 
Tiost active in th·» brain of all four species, and with­
in the brain the basal çanglia had the highest activity. 
Spleen, liver and kidney vere also able to convert hy-
poxanthine and guanine to ribonucleotides. Skeletal raus-
d e , however, showed hardly any activity. 
A-PRT was nost active in liver, kilney an! spleen. The 
largest differences betwepn the species were the high 
A-PRT activity in skeletal nusclr? of the rhesus monkey 
14 
and the lack of activity in rat and mouse blood cells 
In unfartilise 1 ova of the nouse and rabbit both HO-PTT 
and \-PRT activities have been found . Both shov an in-
crease nfter fertilisation and this increase continues 
even ror^ rapidly after implantation with HG-PRT activi-
ty consistently bisher than that of A-PRT. These changes 
have been attributed to alterations in RNA synthesis and 
• 17 
"ЮГ"
1
 40ΤΤ»4 IS 
11 
The activities of tlip purine phosn'iori'iosvl tr-i-is^ »»-
rases durin,", later feti I develop-icnt have not been explore"!. 
However, HG-PRT and A-PRT in huiian fatai skin fibroblasts 
derive! from anniotic fluid at ln-20 wee'es of gestation have 
] 3 ι Q 
been ler'onstrated qualititively bv autora'liop.raphy ' 
In paper 6 a new ultra-micromc tbo I is dpicribe·' f vir 
quantitative neasurenPTts of 4C-PRT an! \-?π.Γ ас ti vi [.]·"'=: 
in this type of cells ani in cultured skin fibroblasts, 
even enablin'; the assessnent of enzyne activities in οη.ϊ 
single cell. An application of this technique in studies 
on gene expression is reported in paper 7 in ubica а 
straight forward approach is described to naasure eventual 
correction of ÜG-PIT leficiencv in hybrid cells froir. dif-
ferent Hfi-PRT deficient cells as a result of eenetic co-a-
ple-nentation. 
Phenotypic correction of ЧО-^ЧТ deficient cells as a 
result of interaction with normal cells (Tetabnlic coopera­
tion) is discussed in paper 3. \ phenotv^ic correction, 
which has not been earlier described, is nr^sentiH in 
paper 5: in autoradiographic experiments 1G-PRT deficient 
lymphocytes became phenotypically nomai after stinula-
tion with the mitogen phytohaenagglutinin. 
BIOCHEMISTRY 
In maTials, nucleic acids and their derivativos in the 
diet are continuously broken down to nucleosides and 
bases for absorption and their utilisation depends on their 
conversion to nucleotides by tbe phosphoribosyl trans­
ferase system. 
Free hypoxanthine and guaiine nay arise in vivo fron 
the corresponding nucleosides in a Phosphorylase reaction. 
It is not certain, whether free alenine is forned in the 
intact nammalian or^anisr: studies with hunan ervthro-
cytes show t^at adenosine is not a substrate for purine 
nucleoside Phosphorylase 
21 22 
Several tissues, such as spleen and brain , in which 
there is a very rapid turnover for some types of mRNA, 
contain exonucleases which split terminal nucleotides 
from RNA, yielding 3'-nucleotides. These cannot be di-
rectly re-utilised and, even after removal of the phos-
phate group, guanosine and inosine can only be converted 
to the nucleotide form via the purine nucleoside phospho-
23 
rylase- and the HG-PRT reactions . 
Some mammalian tissues, including red blood cells, are 
24 incapable of forming purine nucleotides de novo . Since 
such cells require purine nucleotides for maintainance 
of their metabolism, they are dependent on supply of pre-
formed purine from other organs. The main producer is con-
25 
sidered to be the liver and as plasma concentrations 
are low, a transport function for erythrocytes has been 
- 1 .- J 2 6 » 2 7 
postulated 
Studies on the mechanism of uptake of purine bases have 
not provided a clear picture of the transport system. 
Therefore, part of the present studies has been 
devoted to a detailed analysis of uptake and metabolism, 
of preformed purines in red blood cells (papers 9 and 11). 
To gain some insight in the significance of the phos-
phor ibosyl transferase system for purine metabolism in the 
intact human erythrocyte,both normal and HG-PRT deficient 
red blood cells have been used. In addition, evidence has 
been obtained for the presence of HG-PRT and A-PRT acti-
vities in red cell membranes (papers 10 and 12) possibly 
providing new perspectives for the study of pathophysiology 
in HG-PRT deficiency. 
Finally, in paper 13 the genetic, clinical and metabolic 
findings presented in the foregoing papers are discussed in con-
nection with other recently reported finding«. 
13 
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paper 1 
An atypical case of 
hypoxanthine-guanine 
phosphoribosy(transferase deficiency 
(Lesch-Nyhan syndrome) 
I. Clinical studies 
R. A GEERDINKI, W H M. DE VRIESI, J WIILEMSE-', T. L ОЕІ-Ч, AND 
С H M M DE BRUYN 
1 Unit of Medical Genetics, University Hospital, Utrecht. 
2 Department of Child Neurclogy, Stale University, Utrecht 
J Department of Human Genetics, University of Nijmegen, Nijmegen, 
The Netherlands 
This paper describes an adult patient, with gout and wiihout any demonstrable activity of the en­
zyme hypoxanthme-guanme phosphonbosyllransfcrasc (HG-PRT) Few of the neurological abnor­
malities generally associated wiih se\erc HG-PRT deficiency were exhibited by this patient Psycho­
logical studies, however, disclosed (hat some characteristics of the behaviour anomaly in the Lesch-
Nyhan syndrome are present, but only in a concealed form 
Accepted joi ішЫісиііоч 16 Apiil 1973 
Since Lesch & Nyhan (1964) reported on a 
severe neurological condition assoc ated with 
disturbed purine metabolism in two brothers, 
some 100 patients with a similar syndrome 
have been described (Nyhan 1972) Seeg-
miller et al. (1967) demonstrated that in pa­
tients affected with the Lesch-Nyhan syn­
drome, hypoxanthine-guanine phosphonbo-
syltransferase (HG-PRT) activity is defi­
cient. In nearly all the cases so far reported, 
marked neurological abnormalities and be­
haviour disorders are predominant. This 
paper describes a patient without activity of 
the enzyme HG-PRT, but with only mild 
neurological abnormalities. Th ;s adult pa­
tient provided a unique opportunity for per­
forming psychological studies that have not 
been reported before. 
Case report (I) 
Patient В S. was a male born 15th Novem­
ber 1940, who was referred to the out­
patient clinic in 1958 with a three-year 
history of intermittent gout, predominantly 
localized in the joints of the teet and hands 
and to a lesser extent in the elbows and 
knees. Attacks occurred about four times a 
year, lasting a few days to a week. 
Physical examination and 
laboratory findings 
A mentally unendowed male with dysarthria 
and slight motor disturbances. Normal habi­
tus. A few tophi were found in the external 
ears. Laboratory findings obtained over the 
period 1958-1972 can be summarized as fol-
16 
low s The Hb concentraron was always with-
in normal limits, but there was macrocytosis 
(MCV 118 fi) Bone marrow examinations 
repeatedly showed megaloblastic features. 
Serum vitamin B,) concentration was nor-
mal but the folic acid level repeatedly was 
found to be slightly subnormal (3-4 nmole/1) 
A striking finding was polyuria, amounting 
to a daily voiding of 2-41 The urine con-
tained numerous uric acid crystals Theserum 
uric acid level was increased (0 92 mmole/1), 
as was the urinary excretion of uric acid 
(10 8 mmole/day) The creatinine clearance 
was slightly diminished (62 ml/min) Renal 
concentration was disturbed The specific 
gravity of the urine did not exceed 1 012 
alter 16 hours' thirsting 
Radiological examination of the affected 
joints and intravenous pyelography revealed 
no abnormalities 
Not untili 1972 was it tound that the ac-
tivity of HG-PRT was so diminished that it 
was not measurable (de Bruyn et al. 1973). 
Moreover, the purine nucleotide concentra-
tions in the erythrocytes deviated from those 
in normal subjects, as well as from those 
characteristic of the classical Lesch-Nyhan 
syndrome (cf. Lommen et al 1971, 1973) 
Therapy 
From 1958 to 1967 the patient was treated 
with probenecid (Benemid), sodium bicarbon-
ate and colchicine during gout attacks The 
serum uric acid level fell to a mean value of 
0 56 mmole/1 The attacks of gout continued. 
Folic acid and vitamin B ^ failed to change 
the megaloblastic characteristics of the bone 
marrow and the macrocytosis In 1967, pro-
benecid was replaced by allopunnol (4X100 
mg daily) and benzofuran (Amphvix). 3X 
100 mg daily. The serum uric acid level fell 
to 0 24 mmole/1, the urinary excretion di-
minished to 4.55 mmole per 24 hours. The 
attacks of gout have since ceased; the tophi 
of the ears disappeared. The disturbance of 
renal concentration persisted. In 1972 the 
creatinine clearance was 82 ml/min The 
megaloblastic features of the bone marrow 
and the macrocytosis remained unchanged 
After discontinuation of the benzofuran the 
serum uric acid level was 0 40 mmole/1, and 
the urinary excretion was 3 7 mmole/24 hrs 
Neurological examination 
The patient reported that his gait had been 
unsteady as long as he could remember. He 
could not walk with a glass full of water 
without spilling it In addition he reported 
that his intended movements were diverted 
by unexpected movements, especially under 
stress The examination disclosed dysarthria 
and dysdiadokokinesis which also involved 
the tongue and mandible. There were no 
other signs of ataxia General motor per-
formance was clumsy, particularly as re-
gards manual skill and gait. He could not 
stand on one leg while undressing. However, 
apart from an occasional false step, no invol-
untary movements (tremor, chorea, athetosis 
or myoclonia) were observed. Further neu-
rological examination was negative. In view 
of the patient's complaints, involuntary 
movements had been expected, but neuro-
logical assessment failed to confirm this, 
even under stress. 
The cranial X-ray was normal. CSF ope-
ning pressure 100 mm water; normal cell 
count; protein 0 38 g/1 Agar electrophoresis 
normal, with post-y-globulin (inconclusive). 
Electro-neurology: The EEG showed a 
normal background activity In the fronto-
temporal area, predominantly on the right, 
some paroxysmal, rather sharp 7-12/sec 
activity was observed Motor and sensory 
conduction velocity in the median nerve was 
normal There was evidence of slight in-
volvement of motor nerve fibres in the me-
dian and ulnar nerves, sporadic denervation 
potentials 
Psychological examination 
The patient is a friendly, genial person 
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whose intelligence impresses one as being 
generally subnormal. The IQ determined 
with the Wechsler Adult Intelligence Scale, 
WAIS (Wechsler 1958) was 80 (verbal 77, 
performance 86). However, in conversation 
the patient is capable of quick and decisive 
reaction; he quickly understands questions 
and at times he is decidedly above the level 
of mental deficiency or subnormality. There 
were serious learning problems in primary 
school. He left junior technical school be-
cause of inadequate achievement. He felt 
he was not accepted by the other boys. He 
did not quarrel ("'when I witness a quarrel 
I go away"). 
His mother reported that even as a baby 
he had been different (obstinate), but she 
described him as not quick-tempered. Fights 
or aggressive discharges had been rare. At 
his work (as an unskilled controller) the pa-
tient gives satisfaction and shows no quick 
temper or aggressive behaviour. To the 
question as to which difficulties he had, he 
answered: ''a lot ot thinking and doing 
funny things". He feels inclined to put his 
hands into the cogwheels of a machine, and 
in 1967 he did just that, thus losing the lip 
of the middle finger of his left hand. In 
1971 he felt an uncontrollable impulse to 
jump off from an motorcycle at full speed, 
sustaining an injury of the mouth. He has a 
driving license. Particularly when he is 
alone, he has the urge to carry out "crazy 
manoeuvres" and jump from the car at high 
speed. In 1972 he had a serious motoring 
accident as a result of such a manoeuvre. He 
is tempted to jump from a tree when he 
sees one, and only with difficulty can he 
refrain from pushing a nail into an electric 
plug-socket. 
He does not bile his lingers and shows no 
inclination towards direct self-mutilation. 
He states explicitly that he does not want 
to die. He has given up his technical hobby 
(radio and television) because he tends to 
handle the dangerous parts. In hospital, he 
leels the urge to break the window-panes of 
the fire alarm boxes. In the course of train 
journeys he has dilficulty refraining from 
pulling the cord of the emergency brake. In 
other ways, too, he has strong and hardly 
controllable :mpulses (he reports that he 
finds it difficult to keep his hands off wo-
men). 
The psychological tests are not indicative 
of an aggresive personality structure. The 
projection tests show hardly any aggression 
(Thematic Apperception Test (Murray 1943) 
and two Rorschach tests (1948)). However, 
there is evidence of disturbed concentration 
(Attentive Diagnostic Method (Rutten 1964) 
and Boudon-Wiersma test (see Van der Loo 
1956)) in a sense which might be indicative 
of an organic brain disorder. 
Case report (2) 
It seems useful also to present some da'a 
on this patient's eldest brother, who suffered 
from the same syndrome. A.S. was a male 
born in 1935. He was first seen in 1955 with 
a history of intermittent attacks of gout dat-
ing back to age 10 and localized in the 
joints of the feet and hands and. less severe-
ly, in the knees and elbows. The attacks oc-
curred once every 2-3 months and lasted 
1-2 weeks. 
Physical examination in 1955: unendowed 
male with dysarthria and mild motor dis-
orders. Normal habitus. Tophi of the ears 
and marble-sized nodes on the extensor side 
of the hands and feet, particularly on the 
left. These nodes were interpreted as inten-
sive tophus formation associated with gout. 
Incision of a node produced urate crystals. 
The serum uric acid level was always much 
increased (average 0.96 mmole/l). The urin-
ary excretion of uric acid amounted to 10.2 
mmole/24 hrs. There was polyuria (2-3.5 1 
per day): the creatinine clearance was slight-
ly diminished (65 ml/'min). The Hb concen-
tration was normal. The sternal punctate re-
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vealed megaloblastic features. The patient 
was treated with probenecid and colchicine. 
The scrum uric acid level fell to a mean 
value of 0.54 mmolc/l. The attacks of gout 
continued, and the nodes of the hands and 
feet increased in size. The renal function 
worsened gradually. In 1963 the creatinine 
clearance was 40 ml/min. 
The patient died in 1964 from metastases 
of a dysgerminoma of the left testis. The 
postmortem disclosed numerous tophi of the 
ears, hands, legs and several tendons. The 
lungs contained cherry-sized tumor metas­
tases, as did the liver. The inferior vena 
cava was filled up to the bifurcation with 
tumor and thrombus mass. Microscopic ex­
amination of the kidneys showed numerous 
hyalinized glomeruli, and atrophic tubules. 
In addition there were wide hyperthropic 
tubules with indistinct epithelial lining, and 
tubules containing protein and fascicular 
masses of needle-shaped anisotropic crys­
tals, surrounded by many leucocytes and cell 
remnants. In the interstitium radially struc­
tured deposits of the type seen in gout were 
observed. 
Methods 
Uric acid determinations were performed by 
the enzymatic spectrophotomctric method of 
Liddle et al. (1959). The hypoxanthine-
guanine phosphoribosyltransferase activity 
of erythrocytes was measured following thg, 
method of Harris & Cook (1969), and modi­
fied by de Bruyn et al. (1973). 
Discussion 
According to Nyhan (1972) the Lesch-Nyhan 
syndrome is characterized clinically by men­
tal retardation, choreoathetosis, spastic cere­
bral palsy and aggressive self-mutilation be­
haviour. It is transmitted as an X-linked 
character in which the primary expression 
of the mutant gene is in the activity of the 
enzyme HG-PRT. Metabolically the dis­
order is characterized by hyperuricaemia 
and an increased amount of uric acid in the 
urine. 
The behaviour disorders in these patients 
are a typical element in the syndrome. This 
is the first instance in which a stereotyped 
pattern of human behaviour and a distinct 
biochemical abnormality have been linked 
(Nyhan 1972). 
Van der Zee et al. (1968) have pointed 
out that megaloblastic changes of the bone 
marrow and macrocytosis of the peripheral 
blood are found in these patients. 
Reports on adult patients with HG-PRT 
deficiency are rare. Emmerson & Wijn­
gaarden (1969) described such a patient 
(aged 35). He had a pleasant personality and 
had been able to support himself until age 
25, when he developed severe gout. He 
showed minimal neurological signs in the 
form of pes cavus and dysarthria. The HG-
PRT activity was 0.82 nmole per mg protein 
per hour. 
It is surprising to note that although ab­
solutely no HG-PRT activity was demon­
strable in the erythrocytes, lymphocytes and 
fibroblasts (de Bruyn et al. 1973), our pa­
tient B.S. is doing rather well. This case 
clearly demonstrates that total enzyme de­
ficiency is not necessarily correlated with 
serious mental retardation (IQ 80). No cho­
reoathetosis or other symptoms of cerebral 
palsy were observed. Only mild neurological 
symptoms confined to motor function were 
present (dysarthria and general dysdiadoko-
kinesis). 
•The psychological observations are of in­
terest because no psychological studies on 
completely HG-PRT deficient individuals 
have been reported. In our patient hardly 
any aggression becomes manifest in the pro­
jection tests. We believe that the behaviour 
disorders in this patient should Ьз inter­
preted, not as self-mutilation aris;ng from 
strong aggression against himself, but more 
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as a result of a deficiency of his powers of 
integration, which comes to the fore under 
stress and in situations as described in the 
case report . Most people have similar incli­
nations, but these a r e readily controlled by 
greater powers of integration. 
Megaloblast ic features in the b o n e mar­
row, and macrocytosis in the per ipheral 
blood were observed. T h e pur ine nucleotide 
pool in the erythrocytes of pat ient B.S. dif­
fered both from that in known Lesch-Nyhan 
patients, as well as from that in n o r m a l in­
dividuals ( L o m m e n et al. 1971, 1973). Fur­
ther biochemical investigation is required to 
explain the different expressions of H G -
P R T deficiency. 
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An atypical case of 
hypoxanthine-guanine 
phosphoribosyltransferase 
deficiency (Lesch-Nyhan syndrome) 
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Complete HG-PRT deliciency was established by means of direct enzyme assay and autoradio­
graphy in a patient with relatively little, if any, of the neurologici! and psychomotor symptoms of 
the Lesch-Nyhan syndrome. Family study revealed two other HG-PRT negative males. Hair root 
analysis was used for carrier detection. Linkage study produced no evidence of close linkage be­
tween Xg.v and HG-PRT loci. 
Accepted ¡or publication 16 April 197Ì 
In the preceding article (Geerdink et al. 
1973) a description was given of a patient 
with total hypoxanthine-guanine phosphori-
bosyltransferase deficiency in the erythro-
cytes, but without the classical Lesch-Nyhan 
syndrome. 
The present communication reports on: 
1. determination of hypoxanthine-guanine 
phosphoriboslytransferase (HG-PRT) and 
adenine phosphoribosyltransferase (A-
PRT) activities in erythrocytes from the 
patient and from his relatives; 
2. verification of the HG-PRT deficiency 
found in the erythrocytes, by autoradio-
graphic examination of lymphocytes iso-
lated from peripheral blood and cultured 
skin fibroblasts from the patient; 
3. carrier detection among female relatives 
by determination of HG-PRT and A-PRT 
activities in hair roots; 
4. study of some genetic markers (blood 
groups, serum factors and red cell en-
zymes). 
Methods 
HG-PRT and A-PRT determinations 
The phosphoribosylpyrophosphate (PRPP)-
dependent transformation of 14C-hypox-
anthine and 14C-adenine into "C-inosine 
monophosphate ( ,4C-IMP) and 14C-adenosine 
monophosphate ( l4C-AMP), respectively, un-
der the influence of haemolysates of washed 
erythrocytes, was measured by means of a 
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modification oí the method described by 
Harris & Cook (1969). Details of this meth-
od are to be published elsewhere (de Bruyn 
& Oei 1973a). 
A utoradiographic examination 
After in vitro incubation with 3H-hypox-
anthine, lymphocytes isolated from periphe-
ral blood and cultured skin fibroblasts from 
the patient and from a control were sub-
mitted to autoradiography. The techniques 
used are described elsewhere (de Bruyn & 
Oei 1973b). 
Carrier detection 
Hair roots were examined for HG-PRT and 
A-PRT activity, essentially by a method de-
scribed by Gartler et al. (1971). The HG-
PRT/A-PRT ratio was calculated per hair 
root. 
Results 
HG-PRT and A-PRT activities 
in haemolysates 
The pedigree is presented in Fig. 1. 
Table 1 shows the enzyme activities de-
termined in the patient and in relatives. Ap-
art from the patient (II5), his brother (ІІ0) 
and a nephew (ІІІ3) showed no demonstrable 
erythrocyte HG-PRT activity. Intermediary 
HG-PRT activity was found in the erythro­
cytes in the patient's mother (b). But the 
mother (IL·) of the HG-PRT deficient nep­
hew (III3) showed normal red cell HG-PRT 
activity. Enzyme activity was not assayed in 
I, and II3. However, П
:1 is assumed to be 
HG-PRT deficient on the basis of clinical 
data (Geerdink et al. 1973). The A-PRT 
activity was increased in two of the three 
deficient individuals. 
A utoradiography 
Fig. 2 demonstrates that the patient's lym­
phocytes had hardly incorporated ^H-hypox-
anthine in TCA-precipitable macromole-
tOr© 
1 2 3 4 5 \ ó 
II 
ш 
2 3 4 
Pedigree S . f a m i l y 
in<slè w i t h normal HG-PRT act iv i t ry 
H = HG-PRT de f i c i en t male 
^D = female shown t o be heterozygous by 
^ = probandus 
Fig. 1. 
D 
hair root analysis 
cuies. None of the cells examined had more 
than ten granules. Under identical condi-
tions, a considerable amount of label was 
incorporated in the lymphocytes of a con-
trol (Fig. 3). The fibroblast showed the same 
features: no incorporation in the patient's 
cells (Fig. 4) but considerable incorporation 
in the control's cells (Fig. 5). 
Table 1 
Erythrocyte HG-PRT and A-PRT activities and 
serum uric acid levels in members of ihe S. 
family 
Family 
member 
Hi 
I I . 
I t i 
II-, 
Иг, 
III, 
Illa 
Uh 
normal 
гапдз 
Phosphor! Ojyltran:ferase 
ativity (nmol/mg protein' 
k r t t t r 
Hypox-
antli i-io 
252 
58 4 
579 
64.1 
0 0 
0.0 
583 
6 9 6 
0.0 
Adenine 
17 5 
16 3 
180 
20 1 
51.3 
39 9 
232 
21.5 
27 6 
56 1 - 93 9 15 7 - 29 7 
Serum uric 
acid m m o l ' I 
0 47 
031 
045 
0 43 
0.16* 
0 51 
0 45 
0 33 
066 
0 30 - 0 40 
• patient treated with ollcpjrmol 
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# 
Figs. 2 and 3. Incorporation of 3H-hypoxanthine 
band (Fig. 2) and from a normal male (Fig. 3). 
η lympiocytes isolated t.om peripheral blood from the pro-
23 
^ 
I 
•ι .' 
Fig·. 4 and 5. Incorporation of 3H-hypoxanthine in cultured skin fibroblasts of the proband (Fig. 4) and of 
normal male (Fig. 5). 
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ΠπΗη 
η π 
normol ronge 
Ш, Ç 
Πι Ç 
1= 9 
π , <J 
HG-PRT 
Flg. 8. Frequency distribution of the ratios ol 
A-PRT 
individual hair roots from the proband (Ms) and three 
heterozygous females (I2, Ib. Uli). Each square repre­
sent zone hair root. 
Carrier detection 
In the pedigree (Fig. 1), Ц, ІЦ and ІІІ ! are 
indicated as heterozygote carriers of the 
HG-PRT deficiency on the basis of the re­
sults of the hair root analysis. Some of their 
hair roots had HG-PRT/A-PRT ratios be­
low 0.10 (the lower limit of the normal 
range). Fig. 6 shows the frequency distribu­
tion of the HG-PRT/A-PRT ratios found in 
20 individual hair roots obtained from I2, 
Из, Hit and the patient (lij). 
Linkage studies 
Table 2 presents data on blood groups, 
serum factors and some red cell enzymes. 
With regard to X-linked loci it can be stated 
that G-6-PD type В was found in all rela­
tives examined, and that there was no close 
linkage between Xg* and HG-PRT. Colour 
vision was not tested. 
Discussion 
The results of the family study are quite 
consistent with the generally accepted X-
chromosomal mode of inheritance of HG-
PRT deficiency (Lesch & Nyhan 1964, Seeg-
miller et al. 1967). An increased erythrocyte 
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A-PRT activity is usually measured in HG-
PRT deficiency (Kclley 1968) This was 
confirmed in two of the three HG-PRT-
negative individuals (Table 1) The validity 
of the hair root method of carrier detection 
introduced by Gartler et al (1971) was like­
wise confirmed Both obligatory carriers (I2 
because of the HG-PRT deficiency in II5 
and Ho, and l b because of the HG-PRT 
deficiency in III)) arc characterized as hete­
rozygous carriers by the HG-PRT/A-PRT 
ratios of the hair roots Both have hair roots 
with ratios ranging from 0 to 0 10, along 
with hair roots in the normal range (0 10 to 
0 90) (Fig 6) 
Such a distribution can be explained on 
the basis of a clonal origin of hair roots and 
X-chromosome inactivation (Gartler et al 
1971) A similar distribution was found m 
Uli (daughter of ІЬ), who is therefore also 
a heterozygous carrier It is interesting to 
note that these three carriers all showed an 
increased serum uric acid level (Table 1) 
In only one of them (I_>) the erythrocyte 
HG-PRT activity was intermediary In the 
majority of heterozygote carriers, normal 
values are found (Kelley et al 1969), as was 
the case with the two other carriers in this 
family (ІЬ and III)) The reason for this has 
not been established with certainty Selec­
tion against HG-PRT deficient cells in the 
haemopoietic tissues is a possible explana­
tion Another possibility is selective inacti­
vation of the normal X-chromosome in hae­
mopoietic cells The question remains, how­
ever, why incidentally intermediary HG-
PRT activities are found in erythrocytes 
from heterozygous carriers (Henderson 
1968, Emmerson & Wijngaarden 1969, 
Chow et al 1970) 
The autoradiographic findings obtained 
with lymphocytes and fibroblasts of the pa­
tient revealed also HG PRT deficiency No 
information on HG-PRT activity m the pa­
tient's central nervous system is available. 
Partly because of this, we cannot explain 
why the principal neurological and psycho­
motor symptoms of the Lesch-Nyhan syn­
drome are not found in the patient (II-,) and 
his two HG-PRT deficient relatives (II0 and 
l ib) 
According to the data available the HG-
PRT locus is not within measurable distance 
of the Xg·1 antigen locus (Greene et al 1970) 
Ilo (Fig 1) has Xg"1- Ь must therefore be a 
heterozygote for Xg·1 In this family there 
are three double backcrosses with regard 
to Xg' and HG-PRT (II4, II 5 , and II(,), in­
cluding at least one cross-over These scanty 
data likewise argue against close linkage be­
tween the HG-PRT and Xg-1 antigen loci 
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paper 'i 
Purine Phosphoribosyl Transferases in Human Hair Roots 
C.H.M.M. DE BRUYN and T.L. OEI 
Department of Human Genetics, Faculty of Medicine, University of Nijmegen, Nijmegen 
Abstract. A method is presented for the Key Words 
simultaneous measurement of the two enzymes Purine metabolism 
involved in purine salvage in human hair roots. Hair roots 
KM values of hypoxanthine-guanine phosphor- Hypoxanthine-guanine phosphoribosyl 
ibosyl transferase (HG-PRT) for hypoxan- transferase 
thine and S'-phosphoribosyl-l-pyrophosphate Adenine phosphoribosyl transferase 
(PRPP) and of adenine phosphoribosyl trans-
ferase (A-PRT) for adenine and PRPP in human hair roots were similar to values reported 
for human erythrocytes. No differences were observed between hair root and erythrocyte 
enzymes with respect to the influence of magnesium and calcium ions. Heat inactivation 
experiments revealed comparable stability for HG-PRT, but A-PRT in hair roots is more 
labile than in erythrocytes. 
Kinetic studies in mammals [KELLEY et ah, 1967; HENDERSON et al, 1968] 
indicate that the same protein molecule which catalyzes the reaction of S'-
phosphoribosyl-l-pyrophosphate (PRPP) with hypoxanthine to form 5'-IMP 
is also the enzyme which catalyzes the transfer of PRPP to guanine, giving 
5'-GMP. The enzyme has been named hypoxanthine-guanine phosphoribosyl 
transferase (HG-PRT; EC 2.4.2.8): 
HG-PRT 
Hypoxanthine + PRPP • IMP + PPi 
Mg++ 
HG-PRT 
Guanine + PRPP • GMP + PPi 
Mg++ 
Received: June 17, 1974; accepted: June 20, 1974. 
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The related enzyme adenine phosphoribosyl transferase (A-PRT; EC . 
2.4.2.7) catalyzes the formation of 5'-AMP from adenine and PRPP: 
A-PRT 
Adenine + PRPP - -»-AMP + PPi 
Mg ' 
The importance of these mechanisms in maintaining normal cellular pu­
rine metabolism became more clear when in children affected with the Lesch-
Nyhan syndrome HG-PRT deficiency was demonstrated [SEEGMILLER et al., 
1967]. In most cases the absence of HG-PRT activity is associated with well-
defined clinical manifestations including physical and mental retardation, 
spasticity, choreoathetosis, hyperuricemia and self-mutilation [LESCH and 
NYHAN, 1964], but also extreme HG-PRT deficiency without these symptoms 
has been described [GEERDINK et al., 1973; DE BRUYN et al., 1973]. 
Lack of HG-PRT also causes disturbance in the feedback regulation of 
purine synthesis de novo, resulting in excessive excretion of uric acid. The 
A-PRT activity in erythrocytes of these patients is elevated [KELLEY et al., 
1967; SEEGMILLER et al., 1967; KELLEY et al., 1969]. 
This inborn error of purine metabolism is X-linked recessive, and con­
sequently the only affected individuals are males. A consequence of X-
chromosome inactivation [LYON, 1961] is that mosaicism of HG-PRT-
positive and HG-PRT-negative fibroblasts occurs in women heterozygous 
for HG-PRT deficiency [MIGEON et ai., 1968; DANCIS et al., 1969; FUJIMOTO 
and SEEGMILLER, 1970]. For the detection of female carriers hair roots can 
also be used because of their clonal origin [GARTLER et al., 1971]. 
Kinetic studies on human hair root HG-PRT and A-PRT have not been 
reported previously. In this paper such studies are presented. The data were 
used to optimalize and standardize a double label radio micro-assay of HG-
PRT and A-PRT activities in single hair roots applicable to carrier detection 
studies in inborn errors of metabolism [DE BRUYN et al., 1974]. 
Experimental 
Assay technique. Hair roots were obtained from several areas of the scalp and only 
those with visible sheath and bulb were used. The roots were cut off just above the sheath 
and pooled in a solution (30 μΙ per hair rool) of 0.25 м Tris HCl buffer (pH 7.4), 0.025 м 
MgCIs and 0.3 mg bovine serum albumin per ml, 1.6 mg streptomycin and 1.6 mg peni­
cillin/ml. After freezing and thawing the mixture 5 times, HG-PRT and A-PRT activities 
were assayed in double label experiments. 
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Fig. 1. Net Substrate converted by HG-PRT in the presence and in absence of 1.5 т м 
TTP. At the times indicated an aliquot of the reaction mixture was removed and analysed 
as described in 'Experimental'. О = Reaction without TTP; · = reaction with 1.5тм TTP. 
Fig. 2. Net substrate converted by A-PRT in the presence and in absence of 1.5 т м 
TTP. At the times indicated an aliquot of the reaction mixture was removed and analysed 
as described in 'Experimental'. О = Reaction without TTP; · = reaction with 1.5 т м 
TTP. 
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Per hair root 10 μΙ (4 nmoles) [S-^CJ-hypoxanthme (Radiochemical Centre, Amersham; 
spec act 60 1 mCi/mmoIe) and 10 a\ (4 nmoles) [8-3H)-adenine (Radiochemical Centre, 
Amersham, spec act 500 mCi/mmoIe) were added as substrates The reaction was started 
by adding 10 μΐ (50 nmoles) PRPP (Na-salt from Sigma) per hair root. In blanks PRPP 
was omitted and replaced by 10 μΐ H 2 0 The final volume was 60 μΐ per hair root. After 
incubation for 30 mm at 37°C (except when otherwise indicated) the reaction was termi­
nated by boiling and aliquots taken for analysis in one of the two following ways: 
(A) 20 μΐ were spotted onto Whatman 3MM paper Substrates and enzyme reaction 
products were separated by high voltage electrophoresis (60 V/cm) for 45 mm in acetic 
acid-pyndme-water buffer (9 1 90) at pH 3 6 (CAMAG High Voltage Electrophoresis 
Apparatus) Compounds were identified by co-electrophoresis of labeled standard solu­
tions Radioactive spots on the paper were monitored by strip counting (Actigraph III, 
Nuclear Chicago) and cut out for quantitative determination by means of a Packard 
TriCarb liquid scintillation counter The scintillation fluid consisted of a ml soluene-350 
(Packard) and 9 ml toluene containing PPO (5 5 g/1; obtained from Merck) and POPOP 
(0 1 g/1, obtained from Merck) 
(B) 20-40 μ! were pipetted onto Whatman DE 81 paper discs At the pH used, the pro­
ducts, [8-14C]-lMP and [8-3H]-AMP, were bound to the paper and the substrates, [8-14q-
hypoxanthme and [8-3H]-adenine were removed by washing in a glass funnel with 100 ml 
4 т м N H J H C O J and 500 ml distilled water (100 ml/min) The discs weie dried and counted 
in the same scintillant as mentioned above, using, however, a Packard TriCarb Absolute 
Activity Analyser 
Both methods gave identical results HG-PRT activity was expressed as nmoles IMP 
formed per hair root per hour and A-PRT activity as nmoles AMP formed per hair root 
per hour The values given in the figures are mean values of typical experiments earned 
out in triplicate The maximum difference between the separate measurements for each 
point was never more than 10% 
Incubation time influence of thymidine triphosphate (TTP) To determine an optimal 
incubation time for the assay of HG-PRT and A-PRT activity, 25 hair roots of a normal 
donor were pooled After freezing and thawing, they were incubated at the times indicated 
in figures I and 2, and an aliquot of the reaction mixture was removed for analysis Since 
some of the IMP and AMP formed might be dephosphorylated by membrane-bound 5'-
nucleotidase to give inosme and adenosine, respectively, the effect of TTP, a known 5'-
n ucleolidase inhibitor [MURRAY and FRIEDRICHS, 1969], was investigated The pooled hair 
root-buffer mixture was divided into two parts one half of the mixture was incubated in 
the presence of 1 5 т м TTP and the other half was incubated without TTP 
As can be concluded from figures I and 2, the reactions were hardly influenced by TTP 
during the first 2 h of incubation However, after 2 h of incubation without TTP, high 
voltage electrophoreses revealed increasing levels of nucleosides, suggesting dephosphory-
lation of nucleotides formed in the first hours of incubation 1 5 т м TTP gave measurable 
retardation of AMP dephosphorylation and exerted even more effect on IMP depletion 
Also it was observed that no metabolites other than IMP and AMP were formed dur­
ing the first 2 h of incubation Therefore, m subsequent determinations incubation times 
were never longer than 1 h and TTP was not added 
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Fig. 4. a Effect of varying PRPP concentrations on human hair root HG-PRT and 
A-PRT activities, b Double reciprocal plots of the results from а. О = HG-PRT reaction; 
• = A-PRT reaction. 
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Influence of pH Between pH 7 0 and 9 2 (measured in 0 125 м Tns-HCl buffer) no in­
fluence of the pH on HG-PRT and A-PRT activities was noted, indicating a broad pH 
optimum for both enzymes 
Substrate affinity In figure 3a the relationship between hypoxanthine and adenine con­
centrations on HG-PRT and A-PRT is shown Maximum rates of IMP formation are 
observed in incubation mixtures with hypoxanthine exceeding 0 8 nmole per hair root, 
whereas the asymptote for A-PRT was approached in mixtures with 1 0 nmole adenine 
Double reciprocal plots of both reactions (fig 3b) permitted reading of Michaehs-
Menten constants for HG-PRT of 0 003 т м hypoxanthine and for A-PRT of 0 040 mM 
adenine 
The relationship between PRPP concentrations and HG-PRT and A-PRT activities 
was also studied At amounts of greater than 10 nmoles per hair root, maximum rates for 
AMP formation were observed whereas the corresponding value for HG-PRT was approxi­
mately 25 nmoles (fig 4a) With respect to PRPP the Км for HG-PRT was 0 219 тм, and 
for A-PRT 0 022 т м (fig 4b) 
Effect ofMg*+ and Ca++ ions Both HG-PRT and A-PRT are activated by magnesium 
ions (fig 5) The low level of A-PRT activity without Mg+ + may be attributed to endo­
genous Mg++, since sufficient EDTA to chelate the Mg++ essentially stopped AMP forma­
tion No significant inhibition by high Mg++ concentrations was demonstrated 
Ca+ + can support the A-PRT reaction (fig 6), with 60-70% of the activity obtained 
with equivalent amounts of Mg++ being measured In contrast with this, however, Ca+ + 
is evidently a poor substitute for Mg i + in the HG-PRT reaction (fig 6), IMP formation 
being negligible 
Effect of heat treatment To investigate the heat stability of HG-PRT and A-PRT, hair 
root extracts were heated at 570C for various periods before addition of substrates After 
2 mm at 57 0C, A-PRT activity was almost completely lost, whereas HG-PRT activity 
remained unaffected (fig 7) 
In subsequent experiments samples were 'pre-incubated' for 2 mm at several tempera­
tures before adding substrates Pre-incubation below 35 'C resulted in a slight increase of 
both HG-PRT and A-PRT activities (fig 8) At temperatures above 35 °C evidently dena-
turation of A-PRT occurred, as a lower rate of AMP formation was observed HG-PRT 
activity remained on the same level (fig 8) 
Addition of 25 nmoles PRPP per incubation sample (0 835 т м PRPP) provided 
complete protection of A-PRT from the effects of healing for 2 mm at 57 °C Treatment 
at 57 °C for longer than 8 mm caused a slow decrease in A-PRT activity (fig 9) 
In samples treated for 2, 4, 6 and 8 mm at 57 С in mutures with 25 nmoles PRPP, 
elevated levels of IMP and AMP formation were observed, suggesting activation of both 
HG-PRT and A-PRT activities (fig 9) 
Discussion 
Most properties of human H G - P R T and A-PRT in hair roots are com­
parable with those reported for other mammalian cell systems In the first 
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10 min 
Fig. 7. Relative activities of HG-PRT and A-PRT, with hair root-buffer mixtures 
treated at 57 °C for the times indicated, before starting the reaction, о = HG-PRT reac­
tion; · = A-PRT reaction. 
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Pre-incubation temperature, "C 
20 mm 
Fig. 8. Relative activities of HG-PRT and A-PRT after 2 min 'pre-incubation' of hair 
root-buffer mixture at the temperatures indicated, о = HG-PRT reaction; · = A-PRT 
reaction. 
Fig. 9. Relative activities of HG-PRT and A-PRT with hair root-buffer mixtures 
treated at 57 "С for the times indicated, in the presence of 0.835 т м PRPP (25 nmoles per 
hair root). О = HG-PRT reaction; · = A-PRT reaction. 
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place, Км values of hair root HG-PRT for hypoxanthine (0.003 т м ) and 
PRPP (0.219 т м ) are in the same range as for human erythrocytes, 0.024 т м 
and 0.500 т м , respectively [RAIVIO and SEEGMILLER, 1970]. 
Ehrlich ascites tumour cell A-PRT [HORI and HENDERSON, 1966] exhibits 
about the same affinity for PRPP (Км = 0.020 т м ) as in hair roots (Км = 
0.022 т м ) and erythrocytes [Км = 0.025 т м ; DE BRUYN and OEI, unpub­
lished]. The affinity for adenine in ascites cells [HORI and HENDERSON, 1966] 
is low compared to hair roots (Км = 0.89-5.20 т м for ascites cells and 
0.040 т м for hair roots). 
Further similarities of hair root HG-PRT and A-PRT with the same 
enzymes in other tissues include the following: (1) acceleration of reaction 
rates in the presence of Mg + + (fig. 5); (2) Ca + + ions support A-PRT but not 
HG-PRT (compare fig. 6); (3) A-PRT can be stabilized by PRPP (compare 
fig. 7, 9); (4) broad pH optimum in Tris/HCl buffer; (5) HG-PRT is relatively 
heat-stable, even without exogenous PRPP (fig. 7); (6) increased heat stabi­
lity of A-PRT in the presence of PRPP (fig. 9); [compare also GREENE et al., 
1970]. 
A difference between A-PRT in hair roots and erythrocytes is the more 
extreme response of the former to heat treatment. In hair root enzyme, only 
3-5% of the original activity remained after 2 min at 57:>C, whereas treating 
erythrocytes 10 min at the same temperature still leaves 10-20% of the ori­
ginal activity [RAIVIO and SEEGMILLER, 1970; on BRUYN and OEI, unpub­
lished]. Whether this is due to the presence of another iso-enzyme or to the 
presence of a stabilizer in the erythrocytes (e.g. higher concentrations of 
PRPP) cannot be decided at this moment. 
Pre-incubation for 2, 4, 6 and 8 min at 570C in the presence of 0.835 т м 
PRPP resulted in higher amounts of IMP and AMP formed. Because it has 
been shown that purine phosphoribosyl transferases are involved in nucleo­
tide synthesis on the cellular surface [DE BRUYN and OEI, 1974], this could 
be due to extraction of HG-PRT and A-PRT, associated with the membranes 
of the hair root cells, during pre-incubation in the presence of PRPP. 
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paper 4 
Studies on hair roots for carrier 
detection in hypoxanthine-guanine 
phosphoribosyl transferase deficiency 
С H M M DE BRUYN,! Τ L ΟΕΙ,Ι AND В G A TFR HAAR-' 
1Department of Human Genetics and '2Department of Paediatrics, Faculty of Medicine, 
University of Nijmegen, Nijmegen, The Netherlands 
In an optimalised radiochemical procedure for simultaneous measurement of hypo 
xanthine guanine phosphoribosyl transferase (HG-PRT) and adenine phosphoribosyl 
transferase (A-PRT) from individual human hair roots, the HG PRT/A PRT activity 
ratio was used as an index for heterozygote detection in the I esch Nyhan syndrome 
Hair roots of female carriers of HG-PRT deficiency could be distinguished from those 
of normal and mutant individuals Evidence is presented that temperature at which hair 
roots are frozen prior to the enzyme assays affects the HG PRT/A PRT activity ratio 
The ratio tends to be higher after lower freezing temperatures 
Accepted for publication 29 March 1974 
The Lesch-Nyhan syndrome is an X-lmked 
recessive disorder with clinical features in­
cluding physical and mental retardation, 
choreoathetosis, spasticity and compulsive 
automutilation (Lesch & Nyhan 1964) 
Seegmiller et al (1967) demonstrated se­
vere deficiency of hypoxanthine-guanine 
phosphoribosyl transferase (HG-PRT, E С. 
2 4 2 8) in erythrocytes and cultured fi­
broblasts of patients, with activities rang­
ing from zero to several per cent of normal 
(Kelley et al 1969). Metabolically the 
Lesch-Nyhan syndrome is characterized 
by accelerated de novo purine synthesis, 
resulting in hyperuncaemia (Lesch & 
Nyhan 1964). However, loss of HG-PRT 
activity is not always associated with the 
Lesch-Nyhan syndrome (Geerdink et al 
1973, de Bruyn et al 1973), so it cannot 
be stated that there is a direct correlation 
between degree of HG-PRT deficiency and 
the clinical picture In addition to loss of 
HG-PRT activity, increased activity was 
found for a related enzyme adenine phos­
phoribosyl transferase (A-PRT, E C 2 4 2 
7, Kelley et al 1969) 
Evidence exists in mammals that both 
hypoxanthine and guanine may serve as 
substrates for HG-PRT In the presence of 
phosphonbosylpyrophosphate (PRPP) and 
Mg** ions, the substrates are converted to 
inosine-mono-phosphate (IMP) and gua-
nosine-mono-phosphate (GMP) respective­
ly (Kelley et al 1967, Henderson et al 
1968, Seegmiller et al 1967) 
For the purpose of genetic counselling 
it is necessary to identify carriers HG-PRT 
is an X-linked enzyme and as a conse­
quence of the Lyon hypothesis (Lyon 
1961), postulating inactivation of one of 
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the two X-chromobomes, cells that are 
HG-PRT positive and others which are 
HG-PRT negative should be encountered 
in women heterozygous for HG-PRT defi-
ciency An early method made use of skm 
fibroblasts in which heterozygous females 
were detected by autoradiographic demon-
stration of mosaicism for HG-PRT positive 
and HG-PRT negative cells (Migeon et al 
1968, Dancis et al 1969, M Hendriks-
Claessen, personal communication) or after 
growth in selective medium (Fujimoto & 
Seegmillcr 1970) 
Hair roots can also be used for carrier 
detection (Gartler et al 1971) Presum-
ably each root would develop from one 
cell or a small number of cells, in which 
one of the two X-chromosomes has al-
ready been inactivated Therefore, in 
women heterozygous for HG-PRT defi-
ciency some of the hair roots should be 
HG-PRT negative (Gartler et al 1971) 
Hair roots evolved from HG-PRT negative 
as well as HG-PRT positive cells will show 
activities intermediate between normal and 
deficient 
In the present communication, some 
properties of hair root enzymes are de-
scribed, in particular, the influence of cell 
destruction (by freezing at different tem-
peratures and thawing) on the HG-PRT 
and A-PRT activities in two parts of the 
hair root bulb and sheath These data are 
employed in carrier detection studies on 
three apparently unrelated families with 
HG-PRT deficiency, using the HG-PRT/ 
A-PRT activity ratio as an index for hetero-
zygosity 
Materials and Methods 
Twenty-five to thirty hair roots were ob-
tained from several areas of the scalp 
Those with visible sheath and bulb were 
cut off just above the sheath and placed 
separately in a solution (30 ¿u\ per hair 
root) of 0 25 mol/1 Tris HCl buffer (pH 
7 4) with 0 025 mol/1 MgCb and 0 3 mg 
bovine serum albumine per ml, 16 mg 
streptomycin and 1 6 mg penicillin per ml 
After freezing and thawing five times, HG-
PRT and A-PRT were assayed in double 
label experiments The incubation mixture 
per hair root (60 «1) consisted of 4 
nmol hypoxanthine-8-14C (Radio Chemical 
Centre, Amersham, spec act 601 mCi/ 
mmol), 4 nmol adenine-8-3H (Radio Chem-
ical Centre, Amersham, spec act 500 mCi/ 
mmol), 50 nmol PRPP (Na-Salt, Sigma), 
0 75 цтоі MgCb and 7 50 nmol Tris In 
blanks PRPP was replaced by HjO After 
incubation for 1 h at 37° С the reaction was 
stopped by boiling and ahquots taken for 
analysis by (a) paper chromatography and 
(b) high voltage electrophoresis 
(a) 20-40 z/1 portions were pipetted onto 
Whatman DE 81 paper disks ( 0 2 5 
cm) and these disks were placed in an 
appropriate glass funnel Under the 
conditions used, the products formed, 
1 4C-IMP and 'H-AMP, were retained 
on the paper, whereas the substrates, 
14C-hypoxanthine and 'H-adenine, were 
washed out with 100 ml 4 mmol/1 
NH4HCO, and 500 ml distilled water 
(100 ml/mm) The disks were dried 
and radioactivity was determined in a 
Packard Tri Carb Absolute Activity 
Analyzer The scintillation fluid con­
sisted of 1 ml soluene-350 (Packard) 
and 9 ml toluene containing 2 5 di-
phenyloxazole (PPO, 5 5 g/l, Merck) 
and 1 4 bis 2 (-5 phenyloxazolyl -) 
benzene (POPOP, 0 1 g/l, Merck) 
(b) 10-20 «1 were brought onto Whatman 
3MM paper strips (3 X 40 cm) Sub­
strates and products were separated by 
high voltage electrophoresis (45 mm, 
60 V/cm) The buffer used was acetic 
acid-pyndine-water (9 1 90) at pH 3 6 
39 
Radioactive spots on the paper were 
monitored and identified with a scan­
ner (Actigraph III, Nuclear Chicago) 
Radioactivity was quantified by means 
of a Packard Tri Carb liquid scintilla­
tion counter, using the same scintillant 
as mentioned above 
Both methods gave identical results HG-
PRT activity was expressed as nmol IMP 
formed per hair root per h and A-PRT 
activity as nmol AMP formed per hair 
root per h Frozen hair roots could be 
stored at —20°C for several days without 
changes in HG-PRT/A-PRT activity ra­
tios 
The influence of freezing and thawing 
on HG-PRT and A-PRT activities in bulbs 
and sheaths (the two major structures of 
the hair root) was investigated with pooled 
mixtures 30 intact hair roots were sepa­
rated into sheaths and bulbs The 30 
sheaths were divided into three portions 
of 10 each, 30 ji\ buffer was added per 
sheath The same was done with the bulbs, 
so that for each of the three temperatures 
to be tested a portion (300 //I) of buffer-
sheath and buffer-bulb mixture was avail­
able After addition of substrates, incuba­
tions (end volume 60 μΐ per bulb or sheath) 
were carried out as described above 
In heterozygote studies the HG-PRT/A-
P R l activity ratio is calculated, because 
expressing the activities m this wa> obvi­
ated problems of protein estimation in hair 
roots with many or few cells (Gartler et al 
1971), thus, A-PRT activitv is used as an 
internal reference 
Results 
Influence of fieezmg tempeiatuie\ on bulb-
and sheath HG-PRT/A PRT ratio 
HG-PRT and A-PRT activities were mea­
sured in pooled bulbs and pooled sheaths 
separately, with bulb-bufter and sheath-
buffer mixtures being frozen and thawed 
five times It was observed that freezing 
and thawing 3-5 times was sufficient tc 
produce maximum activity for both en­
zymes Freezing at three temperatures was 
tested at - 2 0 ° C , at - 7 6 С and at 
— 1960C Thawing always took place at 
room temperature As can be concluded 
from Tables 1 and 2, much ot the activity 
was localized in the sheaths, but the bulbs 
also showed considerable activity There 
was a decline in A-PRT activity in bulbs 
and sheaths at more extreme freezing tem­
peratures, whereas HG-PRT decreased 
only in bulbs In Table 3 the effect of 
freezing at low temperatures on the HG 
PRT/A-PRT ratio is shown 
Normal HG-PRT/A-PRT ratio range 
The HG-PRT/A-PRT activity in normal 
Table 1 
HG-PRT activities in bulbs and sheaths after freezing at several temperatures 
5 X freezing at nmol IMP/bulb 
or sheath/hour 
Relative 
activity 
Contr ibut ion to 
activity 
(bulb + sheath) 
total 
Bulbs 
Shealhs 
2 0 o C 
7 °С 
196°C 
20°C 
7 6 0 C 
196°C 
0 065 
0 059 
0 033 
0 195 
0 256 
0 2 6 3 
100 % 
91 °/. 
51 °/o 
100 % 
131 Vo 
135 % 
25 »Л 
19 "/о 
11 °/o 
75 "/о 
ei0/» 
8 9 % 
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Table 2 
A-PRT activities m bulbs and sheaths after freezing at several temperatures 
5 χ freezing at nmol AMP/bulb 
or sheath/hour 
Relative 
activity 
Contribution to 
total activity 
(bulb + sheath) 
Bulbs 
Sheaths 
- 2СГС 
- 76'C 
- 196°C 
- 20oC 
- 76°C 
- 196°C 
0 208 
0125 
0 050 
0 816 
0 729 
0.478 
100 0/o 
60 'U 
24 V. 
100% 
89 % 
5 9 % 
20 «/o 
15 % 
9«/. 
8 0 % 
8 5 % 
9 1 % 
Table 3 
Dependency ol HG-PRT/A-PRT activity ratio 
on freezing temperature 
Bulb + 
5 X freezing sheath Bulb ratio Sheath ratio , . , 
at (whole root 
ratio) 
- 20"C 
- 76° С 
- 196°C 
0 31 
0 47 
066 
0 24 
0.35 
0 55 
0 25 
0 37 
0 56 
hair roots ranged from 0.10 to 0.90. There 
was no significant difference between nor­
mal male and female hair roots, nor did 
the range of activity ratios from normal 
females in the Lesch-Nyhan families devi­
ate significantly from that in females from 
control families. Ratios of mutant, HG-
PRT deficient, individuals were extremely 
low (0.00-0.02, de Bruyn et al. 1973). 
Family stmiies 
W. family: In the pedigree shown in Fig. 1, 
two males in generation IV have been 
shown to be HG-PRT deficient and af­
fected with the Lesch-Nyhan syndrome 
(IV.-, and IV-). The heterozygosity of 11,, 
and 111-, was verified by hair root analysis 
(Fig. 2). In carriers, ratios below 0.10 were 
found: from 0.00 (i.e. completely deficient 
hair roots) up to 0.10, as well as normal 
ratios. 
In generation III, three more carriers 
were detected: l i b , I I I l b and ІІІЭ Т (Fig. 2). 
In generation IV, member IV«, daughter 
of the heterozygote IIIu, also turned out 
to be a carrier by hair root analysis, where­
as member IV4 was classified as a carrier 
on the basis of autoradiography of cultur­
ed skin fibroblasts (M. Hendriks-Claesscn, 
personal communication). 
H. family: Pedigree studies did not reveal 
any relationship with the W. family. The 
grandmother (11-, in Fig. 3) and the moth­
er (III(i in Fig. 3) of the affected HG-PRT 
deficient male were recognized as hetero­
zygotes (Fig. 4). Also, in one sister (ІІІц) 
of the mother, hair roots with HG-PRT/A-
PRT ratios below 0.10 were observed (Fig. 
4), indicating heterozygosity. 
Other studies: Investigations with hair roots 
from members of a Belgian Lesch-Nyhan 
family, shown to be heterozygous by auto­
radiography of cultured fibroblasts (Hage-
meijer et al. 1972), revealed hair roots with 
HG-PRT/A-PRT ratios below 0.10 in all 
four individuals (Fig. 5). 
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Fig. 1. Pedigree of the W. family. 
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Discussion 
Gartler et al. (1971) reported that HG-PRT 
activity in hair roots was restricted to the 
sheaths. Our results do not confirm this: 
bulbs have considerable HG-PRT and A-
PRT activity, depending on the tempera­
tures used for the destruction of the cells 
by freezing and thawing (Tables 1 and 2). 
In hair roots, it is difficult to relate en­
zyme activities to protein concentrations, 
because the small number of cells does not 
allow protein estimation. Therefore, in car­
rier detection studies HG-PRT activity is 
related to A-PRT activity in the HG-PRT/ 
A-PRT ratio. Our results show that this 
ratio is markedly influenced by the freezing 
temperature (Table 3). This is a con­
sequence of the important decrease in A-
PRT activity from bulbs and sheaths, as 
well as of an increase in HG-PRT activity 
from the sheaths. Following freezing at 
- ] 9 6 0 C , the HG-PRT/A-PRT ratio is 
doubled as compared to the ratio obtained 
at —20° С Therefore, using hair roots for 
carrier detection, one has to be aware of 
normó)! ran^g 
I . R H.Hrfbn 
rtfixfi EX-
-ІІІГД-
n , m Fn JXC-EL π π π .XL 
дл η r f i i jBn R EL^iXL-
i 11 ¡Ή i ш m η 
HG-PRT 
Fig. 2. HG-PRT/A-PRT activity ratios of single hair 
roots from heterozygotes in the W. family. Each 
square represents one hair roof. 
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the significance of freezing temperatures 
for cell destruction. This, to our knowl­
edge, has not been reported before. In our 
studies we used freezing at —20° С be­
cause after freezing at this temperature the 
A-PRT activities were less impaired. In 
addition, HG-PRT deficient cells showed 
normai гаи^е 
H i l l Ι Ι 
I гр-п η 
Mt 
10 
HG-PRT 
ratio A-PRT 
Fig. 4. HG-PRf/A-PRT activity ratios of single hair 
roots from heterozygotes in the H. family. Each 
square represents one hair root. 
elevated A-PRT activities, and this helps 
to provide a better division into deficient, 
normal and intermediate values. 
It could be concluded from previous stud­
ies that the gene for HG-PRT is located 
on the X-chromosome (Lesch & Nyhan 
1964, Seegmiller et al. 1967). Our data 
confirm this X-linkage. Recently, cell hy­
bridization studies have also demonstrated 
that the X-chromosome carries the gene 
for HG-PRT (Shin et al. 1971). 
Because of their clonal origin and X-
chromosome inactivation (Gartler et al. 
1971) hair roots have proved to be useful 
for rapid carrier detection with respect to 
HG-PRT deficiency. In all heterozygous 
females, hair roots with HG-PRT/A-PRT 
ratios between 0.00 and 0.10 were observed 
(Figs. 2, 4 and 5). In these females, hair 
roots with ratios in the normal range 
(0.10-0.90) could also be observed. Data 
on the normal range were obtained by 
pooling the findings in 15 control persons 
(total 300 hair roots). 
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Fig. 5. HG-PRT/A-PRT activity ratios of single hair roots from heterozygotes in the Belgian Lesch-Nyhan 
family, described by Hagemeijer et al. (1972). Each square represents one hair root. 
For practical reasons, in our hetero­
zygote studies, some 25 hair roots were 
taken from each individual. In the cases 
studied thus far, this number turned out 
to be sufficient. It should be pointed out, 
however, that in principle one is never able 
to rule out heterozygosity completely, even 
if all hair roots tested are within the nor­
mal range. 
The results show that all obligatory 
heterozygotes in the families studied could 
be distinguished from controls by hair root 
analysis. In addition, four females known 
to be heterozygous from other studies, and 
in whom a mosaicism had been found of 
HG-PRT positive and HG-PRT negative 
fibroblasts (Hagemeijer et al. 1972), were 
clearly recognized as carriers by use of 
hair roots (Fig. 5). 
As can be concluded from the data re­
ported here, hair root analysis is a rapid 
and reliable method for carrier detection in 
HG-PRT deficiency. Much more time con­
suming methods using cell cultures, cloning 
or growing in selective media, can be 
avoided, especially in cases where rapid 
detection is needed, and results can be 
obtained within 1 day. If heterozygosity is 
apparent from hair root analysis, no cell 
culture is needed. If no conclusive results 
are obtained, i.e. no hair roots with HG-
PRT/A-PRT ratios below the lower limit 
of the normal range can be shown after re­
peated analysis, cell cultures might be 
established, but our data strongly suggest 
that hair root analysis is sufficiently reli­
able to detect carriers of HG-PRT defi­
ciency. 
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of three unrelated HG-PRT deficient indi­
viduals. The labelled hypoxanthine, a known 
precursor of nucleic acids, is incorporated 
into chromosomal material: this can be con­
cluded from fig. 7, where a metaphase with 
labelled chromosomes is shown in a PHA-
stimulated white blood cell from a HG-PRT 
deficient individual. This phenomenon reflects 
an influence of PHA on purine metabolism in 
the white blood cell. PHA is known to cause 
the transformation of a high proportion of 
human small lymphocytes into large, rapidly 
dividing lymphoblasts [10]. It has been sug­
gested that PHA causes a rapid derepression 
of the lymphocyte genome, followed by in­
creased synthesis of messenger RNA and 
subsequent increase in the rate of protein 
synthesis [11, 12, 13]. 
In connection to the results reported here, 
it is of interest to find an answer to the 
question whether (a) HG-PRT is induced or 
activated or (b) inosine kinase is induced or 
activated, or perhaps (c) some unknown 
pathway of purine metabolism is opened up 
in PHA stimulated HG-PRT deficient lym­
phocytes. Studies in this field are progressing 
in our laboratory. 
This study was supported by F U N G O , Foundation 
for Medical Scientific Research in The Netherlands. 
The skilful technical assistance *of Mrs Ine Janssen-
Hoos is gratefully acknowledged. 
References 
1. Lesch, M & Nyhan, W L, Am j med 36 ( 1964) 561. 
2. Seegmiller, J E, Roscnblom, F M & Kelley, W N, 
Science 155 (1967) 1682. 
3. Kelley, W N, Rosenbloom, F M, Henderson, 
J F & Seegmiller, J E, Proc nati acad sci US 57 
(1967a) 1735. 
4. Henderson, J F, Brox, L W, Kelley, W N, 
Rosenbloom, F M & Seegmiller, J E, J biol chem 
243(1968)2514. 
5. Nyhan, W L, Pesek, L, Swcetman, D, Carpenter, 
G & Garter, С H, Pediat res 1 (1967) 5 
6. Migeon, В R, Der Kalustian, W M, Nyhan, W L, 
Young, W Y & Childs, В, Science 160 (1968) 425. 
7. Dancis, J, Cox, R Ρ, Berman, Ρ H, Jansen, V & 
Balis, M E, Biochem genet 3 (1969) 609. 
8. Friedmann, Τ, Seegmiller, J E & Subak-Sharpe, 
J Η, Exptl cell res 56 (1969) 425. 
9. Roos, D & Loos, 3 A, Biochim biophjs acta 222 
(1970) 565. 
10. Robbins, J H, Science 146 (1964) 1648. 
11. Pogo, В G Τ, Allfrey, V G & Mirsky, A E, Proc 
nati acad sci US 55 (1966) 805. 
12. Klcmsmilh, L J, Allfrey, V G & Mirsky, A E, 
Science 154(1966) 780. 
13. Berke, G, Sand, S & Feldman M, Biochim 
biophys acta 254 (1971) 440. 
Received December 21, 1972 
paper 5 
Lesch-Nyhan syndrome: Incorporation of hy-
poxanthine in stimulated lymphocytes 
C. H. M. M. de BRUYN and T. L. OEI, Department 
of Human Genetics, Faculty of Medicine, University of 
Nijmegen, Nijmegen, The Netherlands 
Deficiency of an enzyme in purine metabolism 
—hypoxanthine-guanine phosphoribosyl-
transferase (HG-PRT, E.C. 2.4.2.8.)—causes a 
linical picture known as the Lesch-Nyhan syn-
drome [1, 2]. HG-PRT catalyses the reaction 
of the purine bases hypoxanthine and guanine 
with phosphoribosylpyrophosphate (PRPP) 
to IMP and GMP, respectively [3, 4]. Evi-
dence exists that the locus for HG-PRT is 
located on the X-chromosome [5]. 
Autoradiography with labelled substrates 
on cultured fibroblasts has been used to 
visualize HG-PRT deficiency: cells of defi-
cient individuals lack the ability to incorpo-
rate hypoxanthine or guanine into nucleic 
acids, because these purine bases cannot be 
converted to their corresponding mono-
nucleotides [6, 7]. The alternative pathway to 
form IMP or GMP via inosine or guanosine 
is not likely, for, although nucleoside Phos-
phorylase is present, no inosine- or guanosine 
kinase has been detected in human cells [8]. 
#%'· 
Figs 1-7. Autoradiographic results with unstimulated and stimulated white blood cells from normal and HG-PRT 
deficient individuals after incubation with 3H-8-hypoxanthine. 
Fig. 1, Normal, unstimulated cel ls ; /^ . 2, HG-PRT deficient, unstimulated cells;//,?. 3, stimulated, normal cells. 
'éÊÊk 
*,L 
х
 - -* ·
 л 
ñ ^ í 4,5, 6, stimulated, HG-PRT deficient cells of three unrelated patients; Fig. 7, metaphase chromosomes of a 
stimulated HG-PRT deficient cell. 
In this preliminary communication autora-
diografic experiments on lymphocytes ob-
tained from 3 unrelated HG-PRT deficient 
individuals and from a control are reported. 
Material and Methods 
From 20 ml heparinized venous blood lymphocytes 
were isolated according to Roos & Loos [9]. One 
part of the lymphocytes was suspended in TC 199 
medium (Difco) supplemented with 20% calf serum 
(Flow Labs), 5 "Ό chicken embryo extract (Flow), 
penicillin (100 U/ml), streptomycin (I00y/ml) and 
kanamycin (100y/ml) and cultured for 72 h in the 
presence of phytohaemagglutinin (PHA) (Wellcome 
Research Laboratories; final concentration 1.7°,,). 
The other part was used for experiments immediately. 
Before incubation, the cells were washed two times 
with isotonic Na, «.-phosphate buffer pH 7.4 and 
resuspended in 2 ml incubation medium: 1 ml of 
incubation medium contained 0.3 ml isotonic Na, 
K-phosphate buffer pH 7.4, 0.45 ml of 0.9 °o NaCI, 
0.05 ml of 2.35 % MgCl2 and 0.2 ml of 1 % glucose. 3H-8-Hypoxanthine (Radio Chemical Centre, Amers-
ham; spec. act. 500 mCi/mmol) was then added to the 
suspension (10 /(Ci/ml). After incubation for 3 h at 
370C, cells were spun down and washed 3 times with 
isotonic phosphate buffer. After exposure to a hypo­
tonic Hanks solution (1 part of Hanks solution: 3.5 
parts water) for IO min at 370C, cells were treated with 
ice cold 5 % TCA (15 min). Fixation followed in 3:1 
ethanol-acetic acid. The cells were brought on slides, 
spread by flame drying, and stained with 2 % orceîne 
in 60 % acetic acid (30 min at 60oC). The slides were 
coated with Kodak Nuclear Track emulsion, type 
NTB 3 and developed (Kodak Technical Pamphlet 
No. P-64) after exposure for 7 days. 
Lymphocytes of a control show heavy labeling 
(fig. 1), whereas very little, if any, label is ob-
served in the Lesch-Nyhan lymphocytes, as 
could be expected. In normal stimulated cells 
also a heavy labeling was seen (fig. 3). Sur-
prisingly, however, the stimulated Lesch-
Nyhan lymphoblasts were heavily labelled 
too. Figs 4, 5 and 6 show results with cells 
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ULTRA-MICROCHEMICAL QUANTIFICATION OF ENZYME ACTIVITIES WITH 
RADIOACTIVE SUBSTRATES 
C.H.M.M. de Bruyn1^, P. Hosli ' and T.L. Oei1^. 
Department of Human Genetics,Faculty of Medicine 
University of Nijmegen, The Netherlands. 
2) 
Department of Molecular Biology,Institut Pasteur, 
Paris, France. 
SUMMARY 
An ultra-microchemical method using radioactive substrates 
has been developed for enzyme activitymeasurements at the single 
cell level. To introduce this radiochemical micro-assay, activi-
ty measurements of hypoxanthine-guanine phosphoribosyl transfe-
rase (HG-PRT) and of adenine phosphoribosyl transferase (A-PRT) 
in isolated human fibroblasts are shown. There was a linear re-
lationship between the number of cells incubated and enzyme ac-
tivities. It was observed that the HG-PRT activity in single skin 
derived fibroblasts did not differ from that in amniotic fluid 
derived fibroblasts, thus providing a new, quantitative assay 
for rapid prenatal diagnosis in the Lesch-Nyhan syndrome. 
Some problems of experimental cell biology and biochemistry can 
only be solved with micro- or ultra-microchemical methods. Ultra-
microchemistry, which has been defined as measuring low amounts 
of substances or enzyme activities in volumes below 10,ul , 
(2) 
has been predominantly developed by Lowry and associates .Due 
to the fact that Lowry's enzymatic cycling method is rather in-
volved, it has been used in a limited way by specialised workers 
in experimental research. Ori tb e other hanî, nicrochenical -nethojs 
have been succesfully intro'luced into practical clinicil worl- by 
Mattenheimer . Less demanding ultra-nicroc%,c-n'cal -icthois 
might not only replace current micro-techniques for clinical work, 
but they would probably be use^ much nore frequently for experi-
mental investigations. 
A new and relatively simple approach to ultra-nicrochoinistry has 
(3) been described previously by one of us . It is based on the 
development of the Plastic fibi Micro Cuvette (P'TC) . P-lC's arc 
very small incubation vessels with volumes of 1 ,ul or fraction«: 
of l.ul. Immediately before use they are moulded in a parafila 
strip with a commercially available electropress (Tecnorara, 
Zurich). ^fter they have been filled with reaction Tiixture by 
means of a constriction pipette, they are sealod vith a second 
parafilm strip. The PMC technique has been introduced for the 
. . . . . (A) 
assay of enzyme activities with fluoro^enic substratps . The 
present paper describes the use of this PMC technique with radio-
active substrates. 
For cell culture studies the Pr-*C technique is usually employed 
(3 4) in conjunction with the Plastic Film Oish (PFT) ' . The "FO is 
comparable to a petri dish, with an absolutely flat, transparant 
bottom. It essentially consists of a tripartite, commercially 
available holder (Tecnomara), which permits to rapidly mount a 
very thin, non-toxic plastic film. This combination makes it 
possible to assay enzyme activities of single, visually selected 
cells. 
To introduce the PMC-based radio-micro assay, activity measure-
ments of purine phosphoribosyl transferases of isolated human 
cells are shown. In man there are two different purine phospho-
ribosyl transferases: hypoxanthine-guaninc phosphoribosyl trans-
ferase (HG-PRT;E.C. 2.4.2.3) catalyses the conversion of the 
purine bases hypoxanthine and guanine to their corresponding 
mononucleotides PIP and C.MD, respectively; adenine phosphoribo-
syl transferase (\-PRT; E.G.2.4.2.7) catalyses the conversion of 
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TABLE I 
enzyme 
tested 
number of incubation net product formation (cpm) 
cells time (hours) mean range 
HG-PRT with 
hypox-in thine 
1 
2 
4 
8 
16 
8 
6 
4 
3 
2 
8 
6 
4 
3 
2 
8 
6 
4 
3 
2 
182 
273 
342 
457 
638 
306 
432 
517 
826 
1137 
318 
413 
536 
787 
1169 
116 -
183 -
263 -
386 -
553 -
192 -
247 -
412 -
648 -
927 -
177 -
283 -
386 -
620 -
938 -
243 
355 
416 
612 
756 
360 
546 
657 
972 
1234 
332 
512 
618 
919 
1326 
HG-PRT w i t h 
g u a n i n e 
1 
2 
4 
3 
16 
Λ-PRT 1 
2 
4 
8 
16 
T-i'J data oF ΗΓ-τ'ΙΤ and \-P4T assays. Por each rumuer of cells, 
I-1 individual isolations have heen done and the corresponding 
p-eans and ranges are 31 ven in counts per minute. 
adenine to \MP. Both reactions need phosphoribosylpyrophosphate 
(РЧРР) as a co-substrate. In outline the procedure is as follows: 
normal human diploid fibroblasts are cultured on the plastic film 
bottom of a PFD. After washing the cultures with physiological 
(3) 
salire, the cells in the PFD are lyophilised m situ . Little 
plastic leaflets with counted numb-rs of cells are subsequently 
cut out of the bottom of the PFD. This cutting is done freehanded 
on a glass plate, with a scalpel under a stereo microscope. The 
plastic leaflets with the counted numbers of cells are then 
transferred into PMC's containing O.^ /ul of incubation medium each. 
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aciivrty хЮ molee/hr. 
60 6 0 
5 0 
40 -
3 0 
2 0 
10 
^ 
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Ζ 
/ 
/ 
/ 
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2 4 
number of celle number of celle 
,-із 
Figure I 
HG-PRT (left) and A-PRT (right) activities in 10 '"moles per hour 
for different numbers of cells. For each point the mean and range 
of ten indepent isolations are indicated. In addition, HG-PRT ac­
tivities of enzyme deficient diploid human Lesch-Nyhan cells are 
given. Open circles (left): HG-PRT with hypoxanthine as substrate 
in control cells; closed circles (left): HG-PRT with guanine as 
substrate in control cells; open squares (left): HG-PRT with hy-
poxantñine in Lesch-Nyhan cells; closed squares (left): HG-PRT 
with guanine in Lesch-Myhan cells; closed circles (right) A-PRT 
in control cells. 
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For the present HG-PRT and A-PRT activity assays the final concen­
trations of reagents in the reaction mixture were respectively: 0.17 
M Tris HCl buffer (pH 7.4); 17 iriM MgCl2 ; 1.7 mM PRPP; 0.13 тМ С-
labeled hypoxanthine, guanine or adenine (spec.act.57-59 mCi/nmole; 
radiochemical centre, Amersham). To avoid surface denaturation of 
enzyme, which is particularly rapid in small incubation volumes, pu­
rified bovine serum albumine has to be added (final concentration 
activity x10" molee/hr. — 
60 
50 • 
4 0 -
50 • 
20 
10 -
5 10 
number of celle 
Figure 2 
HG-PRT measurements with guanine of 6 different fibroblastic cell 
strains: 3 were derived from normal skin and 3 from normal amnio­
tic fluid. For each point 10 independent isolations were done. 
Open circles indicate the results with the normal cell strains 
(mean and range); closed circles correspond with the amniotic 
fluid derived fibroblasts. 
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Э.05% /ν). То get sufficient amounts of product, the reaction 
mixture can be incubated at various temperatures up to several 
hours, depending on the predetermined stability of the enzyme. 
In the present studies incubation times of 2-3 hours at 37 were 
used. Reactions are terminated by pushinf» out the whole content 
of the PilC onto Whattman ЗЧМ chronatography paperstrips (20x1 
cm.). In the present tIG-PRT and A-PRT assays, a sufficient separi-
tion of substrate and product was obtained after 30 minutes of 
descending chromatography, using 5% Na HPO (pH 3.4) as a solvent. 
Standard solutions of unlabeled reference compounds were co-chro-
raatographed and after inspection under U.V. light, purine base τ s veil 
as nucleoside and nucleotide regions were cut out. Radioactivity 
was quantified by means of a Packard Tri Carb liquid scintillation 
counter, (counting fluid: toluene with PPO and P0P0 p). 
With the Tri Carb counter a constant background of 30 + 3 cpm 
has been found. If possible, we incubate as many hours as is neces­
sary to obtain a product formation which leads to at least three 
times the background. The statistical reliability of the radioacti­
vity measurement can be increased by lonner counting tines an', it 
should thereby, if absolutely essential, be possible to assess 
even lower enzyme activities. The sensibility of tha nssav can 
be further increased by incubation times longer than inlicatc5 
in table 1. Preliminary studies suggest that at least ЛС-^Т 
can be incubated for up to 24 hours without serious loss of 
activity; that is, fractions of one single cell come in th·^  range 
of aesessability. The principal aJvantigc in this ultrn—licro 
method is that there is a favourable signal/noise ratio: to riso 
the signal, longer incubation tines are use''; t^ e noise (blvic) is 
lowered by the small prinary incubation volunes. T'ie ritionalc 
for this is several fold: if the radioactive substrite is not тіге, 
the noise will increase in proportion to tno incubition оііпэ lil 
therefore a сіезл separation of substrat'* in1, nnduct his to ^ e 
carried out. Inder tho present con.litions, Ì 3/·Ι1 sairlc is t1-1 з 
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litr.iost that can be afforded; if the reaction mixture exceeds this 
voltine, aliquota have to be analysed or the original volume of the 
reaction .nixture inust be concentrated. In both cases technical errors 
are introduced, resulting in a decreased sensitivity. The radio­
activity of substrate and product is always counted separately. 
The sun of these amounts of radioactivity should equal the radio­
activity of the originally administered substrate. Τ f this is not 
the case one has to look for side reaction products which will be 
found in different positions on the chronator;raphic paper. With 
our conditions (11 renoles of unlabeled reference purines added 
to e-ich 9.3/ul of reaction nixture for co-chromatogriphy) very 
reproducible separations were obtained. Extended observations have 
shown that, if handled in the ri^ht way, the PMC is always com­
pletely e-.iptied onto the chromatographic paper. 
In table 1 ani figure 1 the mean and range of Π indepenlent 
isolations of 1,2,4,3 and 16 cells are given. The range is due to 
the fact that the few or single cells are isolated fron asynchro­
nously growing cell cultures and therefore display cell cycle 
dependent enzyme activities. The mean of 5 to 10 independent cell 
isolations show a good correlation between cell number and enzyme 
activity (fig.l and fig.2). This is of practical importance for 
instance for rapid prenatal diagnosis of inborn errors of meta­
bolism. Figure 1 demonstrates the possibility of clear separa­
tion of the normal control and the HG-PRT deficient Lesch-Nyhan 
fibroblast at the single cell level. If necessary it is even 
possible, in spite of the cell cycle caused range, to make diag­
nosis with a single cell isolation. In three strains of normal, 
skin derived fibroblasts and three strains of amniotic fluid 
derived fibroblasts, HG-РЯТ activities were in the same range 
(fig.2), indicating that this quantitative measurement can di­
rectly be used for rapid prenatal diagnosis. 
In the present procedure the enzyme is brought into the PMC in a 
dry (lyophilised) state, thus avoiding technical errors due to 
micro-pipetting. Thanks to the complete emptying of the PMC and 
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a good separation of substrate and product these steps Ло not intro­
duce detectable errors neither. Tf the method is usel for assaying 
enzyme solutions, technical errors with a standard levi-ition of 
+_ 6% due to micro-pipetting are introduced. The characteristics of 
the PMC allow perfect temperature control of the enzyme rar.tion. 
For fluorogenic measurenients, incubation is routinely done in tho 
waterbath. Working with hot substrates it would be indicated for 
health protection reasons to work in a dry incubator. Fluid <?var>o-
ration is not to be feared, if the PMC's are moulled in ч repro hi-
cible way with the electropress. 
With the actual set up enzymescan be assayed which proluce as little 
-13 
as 10 moles of product per hour. As already discussed, the sen­
sitivity of the method can be further increase! by e"iployin'i ex­
tremely long incubation and counting times. Tn addition, the sen­
sibility is considerably increased by using substrates wit'i as 
high as possible specific activities (e.g. universely labeled 
compounds). Current experiments show that then it is possible 
to measure enzyme activities even at the sub-cellular level. \<¡ 
compared to fluorometric measure-nents radiocheinical assays offer 
two intrinsic advantages, that is the possibility to work with 
highly purified natural substrates and the control of eventual 
side reactions. On the other hand fluoro^pnic substrates mi^ht 
permit to assay still lower enzyme activities, but they do not 
have the two advantages mentioned above; therefore the "'Ό-bise ! 
radiochemical ultra-micro assay coir.plenent s well t'iü f 1 nor or, о m'с 
technique. It seens highly probable that simple ani r'îproiucibl^ 
nethods of this kind will be used increasingly not only for ex-
perimental work, like genetic compleTientation analysis ' , but 
. . (6) 
also for practical clinical work 
It should be stressed that the described method is a 'ifneril ap-
proach to ultra-micro chemistry. Tirst, it cimot only be use1 
to assay enzyms ictivitics, but also for enzymtir. rstimtio'i of 
substances. Second, it is obvious L'-at any currcrtly V.-WT-, "ЯСГО-
assiy can V j aiapteJ to t^ .j presort ultra-nicro a^ -say in ι strni^ht-
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forward way, if substrates are available with relatively high spe-
cific activities. 
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DEVELOPMENT OF A MICRO HG-PRT ACTIVITY ASS/.Y: PRELIMINARY COMPLE­
MENTATION STUDIES WITH LESCH - NYHAN CELL STRAINS 
P.HÖsli, Department of Human Genetics, Sarphatistraat 217, 
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C.H.M.M. de Bruyn and T.L. Oei, Department of Human Genetics, 
Faculty of Medicine, University of Nijmegen, 
Nijmegen, The Netherlands 
The main purpose of the present study was to look with the hetero-
polykaryontest (ref. 1,2) for genetic complementation between dif-
ferent HG-PRT deficient cell strains, which had been fused and cul-
tured in Plastic Film Dishes (PFD's ref. 3,4) A radiochemical HG-
PRT microassay, based on the use of the Parafilm Micro Cuvette 
(PMC; ref. 3,4) was developed, which permits the quantification of 
the enzyme activity at the single cell level. 
Methods and Materials 
The technical equipment necessary for the described techniques 
is commercially available from Tecnomara AG (ref. 3). 
Normal or mutant fibroblasts, respectively, were fused in a 1:1 
ratio with B-propiolactone inactivated Sendai virus and seeded in-
to PFD's. 72 hours later single homo- or heteropolykaryons, each 
containing 10 nuclei, were marked on the plastic film bottom of the 
PFD's. The cultures were washed and lyophilized. Subsequently, litt-
le plastic film leaflets, each carrying one marked polykaryon, were 
cut out. The leaflets were transferred into PMC's, each containing 
0.3 μΐ of incubation mixture. The final concentrations of reagents 
in the incubation mixtures were as follows: 0.17M Tris HCl buffer 
pH 7.4; l7mM MgCl2; 1.7mM PRPP; 0.13 mM C- labeled guanine or hy-
poxanthine; 0.5 % BSA. After incubation for 2-24 hours at 37 the 
whole contents of the PMC's were pushed onto Whatman 3MM paper 
strips and substrate and products were separated by chromatography 
The identified radioactive spots were cut out and radioactivity 
was measured quantitatively with a liquid scintillation counter. To 
study the HG-PRT activity of single skin- or amniotic fluid derived 
fibroblasts, essentially the same procedure as described for the 
heteropolykaryon test was used. Details of the micro-assay are re­
ported elsewhere. 
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HG-PRT adrivit-y x10'15moles/hr 
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екіхукпе activity: 
with Дыаиіпе ì . i l i 
... р , , . * iti п о т ш cells 
with Kiypoxanthiney 
with both substrates 
in deficient cells 
1 2 4 16 cells 
Fig. ! : Relation between cell number and HG-PRT activity in normal and 
enzyme deficient skin fibroblasts. 
Results. 
In Fig. 1 the mean HG-PRT activities of 1,2,4,8 and 16 cells 
(normal and HG-PRT deficient) are given. Each point in the graph 
represents the mean of 15 isolations. The ranges indicated are not 
due to methodological errors, but reflect the cell-cycle-dependent 
variation of asynchronously growing cells. It is obvious, that HG-
PRT can be assayed in the most sensitive way by using guanine as 
substrate and that deficient and normal cells can be distinguished 
without any overlap. The whole experiment of figure 1 has been re­
peated several times, leading to identical results, which demonstra­
tes the accuracy and reproducibility of the method. 
Fig.2 represents the HG-PRT measurements with guanine of 6 
different fibroblastic cell strains: 3 were derived from normal 
skin and 3 from normal amniotic fluid. For each cell strain, 15 
plastic leaflets with 5 or 10 cells were tested. The data demon­
strate that there is no difference in HG-PRT activity between skin-
and normal amniotic fluid derived fibroblasts. 
In Fig.3 the preliminary results of crossings of 3 different 
HG-PRT deficient cell strains are summarized. Each number repre­
sents the mean of 15 independently isolated homo- or heteropoly-
karyons. The values in brackets are indicative of HG-PRT activities 
caused by weak genetic complementation; they are corrected for the 
expected additive gene dosage effects of the parental strains. 
These experiments have been repeated twice (with hypoxanthine and 
guanine as substrates) and seemed to lead to comparable results. 
In contrast to the results shown in fig.l and 2 these data should 
be considered as semiquantitative because of technical reasons. 
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5 10 cells 
Fig.2: Comparison between HG-PRT activity in skin fibroblasts and 
amniotic fibroblasts. 
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Fig,3: HG-PRT activities of heteropolykaryons from crossings be­
tween 3 unrelated deficient patients, expressed in pmoles/hetero-
polykaryon/24 hour. 
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Discussion 
The PMC-technique permits miniaturization of most pre-existing 
macro enzyme activity assays. It allows incubations in exceedingly 
small volumes (lowering of the blanc, improving the signal/noise 
ratio) for as many hours as the enzyme is stable (increased sensi-
tivity). This is a reliable way to assa> enzymes routinely 1. at the 
single level, 2. with very low costs. 
The present HG-PRT micro assay introduces radioactive sub-
strates to the PMC-technique. Therefore, is becomes possible with 
the PMC to use natural substrates with high specificity and sensi-
tivity. Moreover radioactive substrates and products can be sepa-
rated in a straightforward way to check possible side reactions. 
As shown in figure 2, skin-derived fibroblasts serve reliably 
as standards for prenatal diagnosis of severe or partial HG-PRT de-
ficiencies. The heteropolykaryon test has principal advantages com-
pared to the more conventional macro-technique with hybrid cell 
strains isolated by selective procedures: 
1. The heteropolykaryon test works without vital hybrid cell clones, 
which are sometimes very difficult to establish. 
2. Any heteropolykaryon can be isolated without selective media. 
Therefore, the heteropolykaryon test permits complementation of 
any mutants. 
3. Chromosome losses are known to occur in the early phases of the 
establishment of the hybrid clones even in intraspecies crosses. 
With the conventional techniques this can obviously lead to 
false negative results. 
4. Multiple crosses can be studied in 3 to 5 days by means of the 
heteropolykaryon test, which thus approaches the speed and sim-
plicity of the classical techniques used in microbial genetics. 
We presently use the micro HG-PRT activity assay for rapid 
prenatal diagnosis in early pregnancy and more extensive complemen-
tation studies. The radiochemical micro assays of visually selected 
cells should, however, serve many other experimental and diagnostic 
purposes. 
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STUDIES ON METABOLIC COOPERATION USING DIFFERENT TYPES OF NORMAL 
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The experiments reported in this paper were designed to test 
one of several possible mechanisms that may underly the phenomenon 
of metabolic cooperation between normal and HG-PRT deficient cells, 
namely transfer of some intermediate of the purine metabolism from 
cell to cell. 
Since Subak-Sharpe et al. (1,2) described the results of auto­
radiographic studies on mixed cultures of HG-PRT positive and nega­
tive cell lines, many workers have studied metabolic cooperation in 
a similar system, i.e. in mixtures of cultured normal and enzyme 
deficient fibroblasts. Drawback of such a system is the difficulty 
to separate normal and enzyme deficient cells afterwards. 
Our aim was to analyse the process of metabolic cooperation se­
parately in the HG-PRT positive and negative cells before and after 
interaction of the cells. Therefore, the feasibility of using dif­
ferent types of normal and enzyme deficient cells in experiments 
on metabolic cooperation was investigated. 
First,freshly isolated lymphocytes obtained from a normal per­
son were preincubated in Зн-hypoxanthine containing medium, and then 
washed out several times. The last washing fluid was shown to con­
tain no measurable radioactivity by liquid scintillation counting. 
The preincubated normal lymphocytes were then mixed with an approx­
imately equal amount of untreated lymphocytes obtained from a Lesch-
Nyhan patient. The cells were spun down to assure cellular contact. 
The cells were then fixed, treated with cold TCA, stained with or-
ceine and subjected to autoradiography. 
Slide 1 (Fig.l) shows the results of this experiment. All cells 
contain Зн-labeled material. Evidently some label has been trans­
ferred from normal to enzyme deficient lymphocytes. There are two 
classes of cells: some are more, some less heavily labeled. This 
reflects the difference between the preincubated normal lymphocytes 
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*Χ%ί· 
Fig.l: ТСА precipitable label in both normal lymphocytes preincu-
bated with -Hi-hypoxanthine, and HG-PRT~ lymphocytes not preincu-
bated with ^H-hypoxanthine. 
â 
Fig.2: F-body and TCA precipitable label in a lymphocyte from a 
Lesch-Nyhan patient, after interaction with ^H-hypoxanthine prein-
cubated lymphocytes from a normal female donor. 
(.4 
and the enzyme deficient cells that have not been preincubated with 
%-hypoxanthine. 
The experiment was repeated with preincubated lymphocytes from 
a normal female donor. Before autoradiography was performed, the 
HG-PRT deficient cells were identified by staining with quinacrine 
mustard. 
Slide 2 (Fig.2) shows a lymphocyte containing a fluorescent F-
body, i.e. a Y chromosome, and the same cell after autoradiography. 
This definitely proves that the HG-PRT deficient lymphocytes have 
somehow received and incorporated the label. 
Next, erythrocytes from a normal donor were preincubated in 
the presence of Зн-hypoxanthine and then mixed with untreated HG-PRT 
negative lymphocytes. The advantage of using erythrocytes is that 
the purine metabolism is much simpler in these cells: there is no 
DNA and RNA synthesis, or de novo synthesis of purines. Additionally, 
the erythrocytes can be readily removed from mixtures with other 
types of cells by hypotonic treatment. 
Slide 3 (Fig.3) shows the incorporated label in the HG-PRT ne­
gative lymphocytes, after cellular contact with preincubated normal 
erythrocytes and removal of the red cells by hypotonic treatment, 
followed by autoradiography. It demonstrates transfer of labeled 
material to the lymphocytes. 
» • 
ê 
Fig.3: TCA precipitable label in HG-PRT" lymphocytes after inter-
action with ^H-hypoxanthine preincubated normal erythrocytes. 
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Fig.A: ICA p r e c i p i t a b l e label in HG-PRT f i b r o b l a s t s a f t e r incuba­
t i o n with ^H-hypoxanthine preincubated normal e r y t h r o c y t e s . 
I N C U B A T I O N \ v l T n H V P O X A N T H I N E 
100 ó o f ' t o t a l radioact iv i tv ——| 
normal er\t-hroc4 te5 
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m И> p c x a n t h i n e c e l t s 
Fig.5: Uptake and interconversion of H-hypoxanthine by normal 
and HG-PRT~ erythrocytes. 
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Slide A (Fig.A):Here HG-PRT negative human skin fibroblasts 
were grown on coverslips. Normal erythrocytes preincubated with 
^H-hypoxanthine were added to the culture medium and were allowed 
to settle down on top of the fibroblasts. The erythrocytes were 
then poured off, and the few remaining red cells lysed by hypotonic 
shock. Autoradiography reveals incorporation of radioactive label 
in the HG-PRT negative fibroblasts. 
Studies on the purine metabolism in intact normal and HG-PRT 
deficient human red cells (3) showed that the erythrocytes, which 
were used in the experiments on metabolic cooperation, contained 
the radioactive label almost exclusively in the form of IMP:Slide 5 
(Fig.5). The donor erythrocytes in the transfer experiments were 
preincubated during 40 min. After that treatment, besides trace 
amounts of hypoxanthine, only IMP was recovered from the red cell 
content. In these transfer experiments the preincubated normal ery­
throcytes were small packets containing ^H-IMP. 
It is generally known, however, that IMP does not penetrate 
the cell membrane and this was confirmed experimentally: HG-PRT de­
ficient fibroblasts following incubation in medium containing -^ н-
Ш Р do not show any incorporation of label after autoradiography. 
Surprisingly, addition of cell membrane fractions from both normal 
and HG-PRT deficient fibroblasts or erythrocytes to the ^ц-ІМР con­
taining medium induces incorporation of label into the HG-PRT defi­
cient fibroblasts: Slide 6 (Fig.6). 
Fig.6: TCA precipitable label in HG-FRT fibroblasts incubated 
with ^H-IMP in the presence of cell membranes. 
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Finally, HG-PRT negative erythrocytes were incubated with 3H-
IMP in the presence and absence of cell membrane fractions of nor­
mal or enzyme deficient fibroblasts, respectively. In the presence 
of cell membrane fractions ^H-IMP is recovered from the HG-PRT ne­
gative red cell content; in the absence of cell membrane fractions 
this is not the case. 
The experiment was repeated with Зн-GMP: Slide 7 (Fig.7).It is 
interesting to note that in this system, i.e. in the presence of 
membrane fractions, GMP appears about 3 χ faster in the enzyme de­
ficient red cell than IMP. 
Concluding and summarizing this communication: 
1. Experimental evidence is presented that nucleotides (IMP and 
(MP) can be transferred from normal to HG-PRT negative cells. 
2. The results reported indicate that membrane-membrane interaction 
is presumably essential in this type of metabolic cooperation. 
% o f t o t a l radioactivity 
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-Я HG-PRT0erythi-ocyte3 
•c norinal fibroblast - tneifibr 
(10)·)
 +
3 H - G M P ( 2 ^ M ) 
2 4 6 8 
incubation t i m e (hr) 
• Guanine mediutn 
• GMP cells 
α Guanosme medium 
o GMP medium 
• Guanine cells 
F i g . 7 : Uptake and interconvers ion of H-GMP by HG-PRT e r y t h r o c y t e s 
in the presence of membrane f r a c t i o n s of normal and HG-PRT fibro­
b l a s t s . 
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PURINE и т Ц Д З М П М ΙΛΤ ЧІГ-ΙΛΝ F.RYT'I^ OCYTr.S 
I. Purine interconversions in normal and hypoxanthine-<»uanine 
phosphoribosyl transferase deficient red blood cells. 
Chris H.M.M. de Bruyn and T.Lian Oei 
Department of Human Genetics»Faculty of Medicine 
University of Nijmegen, The Netherlands 
SI;T!\RY 
Intact human erythrocytes from normal and hypoxanthine-guanine 
phosphoribosyl transferase (HG-PRT;E.C.2.4 .2.8) deficient indi­
viduals were incubated with the radioactive purine bases guanine, 
hypoxanthine and adenine, respectively. Similar experiments were 
carried out with the radioactive purine nucleosides guanosine, 
inosine and adenosine. Following incubation for various periods 
of time,both incubation medium and red cell content were ana­
lysed by paperchromatography and high-voltage electrophoresis. 
It was shown that in the erythrocyte HG-PRT is involved in the 
interconversions of all the purine bases and purine nucleosides 
tested. 
Several enzymes of purine interconversions were assayed in 
30,000 g supernatants of erythrocyte lysates and in erythrocyte 
ghosts. Purine phosphoribosyl transferases,nucleoside phosphory-
lases, adenosine kinase, AMP-deaminase and adenosine deaminase 
were detected in both soluble and membrane fraction. S'-Nucleo-
tidase was measurable in erythrocyte ghosts only. No guanosine-
or inosine-kinase activities were demonstrated. 
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Scheme I 
PRPP 
хап-И-ііие 
ur ic a c i d 
PURINE M E T A B O L I S M IN T H E H U M A N E R Y T H R O C Y T E 
*• shown to be present 
• not clearly established 
1 s hypoxanthine -guanine phoephoribosyltraneferóiae 
2 = adenine phosphonbosy l t r ans fe rase 
5 = 5 - nuc leo t i dase 
4 = nucleoside phosphory lase 
5 = adenos ine deam inase 
6 = AMP d e a m i n a s e 
Mature mammalian erythrocytes do not possess the ability to 
1-3 
perform purine synthesis de novo . These cells meet their re-
quirements for purine nucleotides by re-utilisation of preformed 
bases that are derived from diet and those released from other 
1 4 
tissues into circulation ' . 
In the presence of 5'-phosphoribosyl-1-pyrophosphate (PRPP) 
the purine bases hypoxanthine and guanine are metabolised in a 
one step reaction to their corresponding mononucleotides IMP and 
GMP, respectively (Scheme I). This reaction is catalysed by the 
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enzyme hypoxanthine-guanine phosphoribosyl transferase (HG-PRT; 
E.С.2.4.2.8) . Adenine is converted to AMP by a related enzyme: 
adenine phosphoribosyl transferase (A-PRT;E.C.2.4 .2.7). 
In human tissues of the preformed purine nucleosides only ade­
nosine can be phosphorylated directly to AMP by adenosine (F..C. 
1С 
7 
2.7.1.20) ' . There is no convincing evidence for the presence of 
inosine kinase or guanosine kinase activities in human cells 
From the clinical point of view, deficiency of HG-PRT may have 
considerable consequences: lack of HG-PRT activity is often accom-
panied by a disease known as the Lesch-Nyhan syndrome ' . However, 
severe HG-PRT deficiency is not always correlated with this syn-
Lmat 
.12 
drome ' .In pri ry familial gout partial HG-PRT deficiencies 
have been observed 
Many studies on intact human erythrocytes have been dealing 
with the regeneration of ATP from adenine during blood storage 
. Only recently attempts have been made to study purine in-
terconversions by human red cells, the main attent LOT being fo-
cussed on adenosine ' ' . Experiments with intact erythrocytes 
18 19 
from other mammals have been reported from rabbit and mouse 
Purine base incorporation into nucleotides in intact human red 
cells from controls, goutv patients and an individual suffering 
from the Lesch-Nyhan syndrome has been described by Sperling and 
20 . . . 
co-workers , but no systematic comparative studies have been re­
ported on uptake, interconversions and eventual release of diffe­
rent purine bases and nucleosides by intact normal and HG-PIT de­
ficient human red blood cells. 
The purpose of this communication is to report on 
(1) the analysis of both red cell content and incubation medium 
during incubation studies with isotopically labeled purine 
bases and purine nucleosides in intact normal in '. HG-P<T 
deficient 'uunm f-rvt'roc'.ti";. 
(2) the measurements of purine phosphoribosyl transferase, purine 
nucleoside kinase, purine nucleoside Phosphorylase, adenosine 
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deaminase, AMP deaminase and 5'-nucleotidase activities in 
practically hemoglobin free erythrocyte ghosts and in 30,000 
g heinolysate supernatants from normal human erythrocytes; 
(3) the correlation between the data obtained from (1) and (2). 
MATERIALS AND METHODS 
1. Preparation of erythrocytes. 
Heparinised blood from normal and HG-PRT deficient individuals 
was obtained by venipuncture and immediately put into an ice 
bath for 10 minutes. After centrifugation (800 g; 10 min.), 
plasma and buffy coat were discarded. The packed erythrocytes 
were washed three times with 0.9% NaCl. To one volume of 
packed erythrocytes three volumes of 310 mOsm Na-phosphate buf­
fer (pH 7.4) were added. In this buffer the cells were preln-
o 
cubated for 30 minutes at 37 С and then recentnfuged. 
2. Incubation experiments. 
In each experiment 1 volume of preïncubated packed cells was 
added to 3 volumes of incubation medium giving an approximate-
ly 25% (v/v) cell suspension. 1 ml of incubation medium al-
ways contained 0.3 ml of 310 mOsm Na-phosphate buffer pH 7.4; 
0.45 ml of 0.145 M NaCl, 0.05 ml of 0.115 M MgCl2-6 H20 and 
0.2 ml of 0.05 M glucose. The cell suspension was put into a 
waterbath at 37 С and the incubation experiment was started 
by addition of one of the labeled purine bases or nucleosides, 
14 3 
8- С -guanine (spec.act.57 mCi/mraole); 8- H -guanosine 
14 (spec.act.I2 Ci/mmole); 8- С -hypoxanthine (spec.act.59 
14 14 
mC i/tuno le) ; 8- С -inosine (spec.act.53 mCi/mmole) ; 8- С -
14 
adenine (spec.act.59 mCi/mmole) or 8- С -adenosine (spec. 
act.52 mCi/mmole) in I0#ul of isotonic phosphate buffer pH 
7.4. The final concentration of labeled compounds was 10/uM. 
All radiochemicals were obtained from Radiochemical Centre, 
Amersham. Samples (lOO.ul) were taken at 0,5,15,25 and 35 
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minutes. 
3. Analysis of medium and cell content. 
The samples taken from the incubation mixture were rapidly 
chilled (0 C) and centrifugea. The supernatant (referred to as 
"medium") was removed and kept for analysis. The cells were 
lysed with 75 ,ul ice cold 5% TCA, centrifuged at 1,000 g for 
5 minutes and the supernatant referred to as 'cell content'. 
Medium and cell content were analysed in two ways: 
(a) 10-20/ul were spotted on Whatmann 3 MM paper strips 
(40x2 cm) and submitted to high-voltage electrophoresis 
(45 min.; 60 V/cm) in acetic acid-pyridine-water-buffer 
(9:1:90; pH 3.6). Standard solutions with radioactive 
purine bases, nucleosides and nucleotides were co-elec-
trophoresed. After localization and identification of 
radioactive spots with the aid of a radiochromatogram 
14 
scanner (Actigraph III, Nuclear Chicago), C-labeled 
spots were cut out and placed in 10 ml of scintillation 
fluid (toluene, containing 5,5 mg 2,5 diphenyloxazole 
(PPO) and 1 mg 1 ,4 bis 2 (-5 phenyloxazole-) benzene 
(POPOP) and 1 ml Triton X-100); for Η-labeled spots 
Triton was replaced by soluene-350 (Packard). Activities 
were determined in a Packard Tri Carb liquid scintil­
lation counter. 
(b) 10-20/ul were spotted on Whatmann 3 MM paper and sub­
mitted to descending chromatography in 5% Na„HP0, (pH 
8.45). Here again, standard solutions were co-chromato-
graphed. Localisation, identification and counting were 
performed in the same way as mentioned above. Both 
methods gave identical results. Recovery of total radio­
activity was 95% or inore. 
4. Preparation of hemolysate supernatants and erythrocyte ghosts. 
Washed, intact erythrocytes were lysed in hypotonic Na-phos-
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21 phate buffer (20 mOsm; pH 7.4) according to Dodge et al. 
After 10 min.softly stirring at 0 C , the hemolysate was cen-
trifuged (30 min.at 30,000 g). The supernatant was removed and 
kept for enzyme assays. The erythrocyte ghost pellet was washed 
5 times with 20 mOsm phosphate buffer pH 7.4. 
5. Enzyme assays. 
Samples (20yof protein) of both hemolysate supernatant and 
erythrocyte ghost fraction were incubated in the presence of 
radioactive substrates for 60 min. at 37 С (except when other­
wise indicated). In blanc reaction mixtures either co-sub­
strates were omitted or boiled protein fractions were added. 
After incubation the radioactive substrates and the radioactive 
products of the enzyme reactions were separated as described 
und er 3. 
Hypoxanthine-guanine phosphoribosyl transferase (IMP-GMPpyro­
phosphate phosphoribosyl transferase) and Adenine phosphoribosyl 
transferase (AMP: pyrophosphate phosphoribosyl transferase): 
in an endvolume of 40iul the reaction mixture contained 125 mM Tris 
HCl, pH 7.4; 12.5 mM MgCl ; 1.25 mM PRPP, 0.1 mM 8-14C -hypoxan-
14 . 14 . . 
thine, 8- С -guanine or 8- С -adenine and protein. Activity 
was expressed as nmoles nucleotide formed per mg protein per hour. 
Parine nucleoside Phosphorylase (purine nucleoside:orthophosphate 
ribosyl transferase; E.G. 2.4.2.1.): in an endvolume of 40/ul the 
reaction mixture contained 125 mM Tris HCl buffer (pH 7.4); 12.5 
14 14 14 
mM MgCl?; 0.1 mM 8- С -hypoxanthine, 3- С -guanine or 8- С -
adenine, 1.25 mM ribose-I-phosphate and protein. Activity was ex­
pressed as nmoles purine nucleoside formed per mg protein per hour. 
Purine nucleoside kinase (ATP-purine nucleoside-51-phosphotrans­
ferase ; E.G.2.7.1.20): in an endvolume of 80/ul the reaction mix­
ture contained 12.5 mM Tris HCl buffer (pH 7.4); 6.3 mM MgCl ; 
14 0.63 mM ATP; 10 mM TTP; 12.5.UM 8- C-adenosine; 0.5 mM non-la-
75 
beled adenosine and protein. Activity was expressed as nmoles nu­
cleotide formed per mg protein per hour. 
5'-Nucleotidase (5'-ribonucleotide-phophorydrolase; E.C.3.1.3.5): 
in an endvolume of 30/Ul the reaction mixture contained 170 mM 
Tris HCl buffer (pH 7.4); 16.7 mM MgCl,; 0.2 mM 8-14C -AMP or 
14 . 
8- С -GMP and protein. Incubation time here was 15 min.Activi­
ty was expressed as nmoles nucleoside formed per mg protein per 
hour. 
AMP deaminase (AMP aminohydrolase; E.G. 3.5.4.6.) in an endvolume 
of 30/ul the reaction mixture contained 170 mM Tris HCl buffer 
14 
(pH 7.4); 16.7 mM MgCl2; 0.15 mM 8- С -AMP and protein. Activi­
ty was expressed as nmoles IMP formed per mg protein per hour. 
Adenosine deaminase (adenosine aminohydrolase;E.С.3.5.4.4.): in an 
endvolume of 30/ul the reaction mixture contained 170 mM Tris HCl 
buffer (pH 7.4); 16.7 mM MgCl2; 33,uM 8-
14C -adenosine and pro­
tein. Incubation time here was 15 min. Activity was expressed as 
nmoles inosine formed per mg protein per hour, 
RESULTS 
Incubations of intact normal erythrocytes with guanine showed 
rapidly decreasing quantities of guanine in the medium (fig.I, 
left). Besides of a small initial increase of free guanine in the 
red blood cell, extensive intracellular GMP formation was observed. 
In HG-PRT deficient red blood cells no GMP was formed: after about 
15-20 minutes an equilibrium was reached: some 25% of the total 
radioactivity was identified as intracellular guanine (fig.I .right). 
A similar picture was obtained with hypoxanthine: a drop of ra­
dioactivity in the mediim was accompanied by a rapid formation of 
IMP in the normal erythrocytes and a very slight initial rise of 
free intracellular hypoxanthine (fig.2, left). 35 Minutes after 
beginning of the reaction almost all radioactivity was recovered 
as intracellular IMP. In the HG-PRT deficient red blood cells no 
compound other than hypoxanthine «as identified; here again 25% of 
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% of t o t a l radioactivity 
normal erythrocytes 
л 
100 t· 
50 
• ¿uanme medium 
о G n P cella 
• guanine celle 
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(mm) incubation a t 57° 
+ guanine medium 
• guanine celle 
Figure 1 : Distribution of label in incubation medium and cell con­
tent as a result of uptake and metabolism of 8- С -guanine by 
intact human erythrocytes. 
^ of total radioactivity 
normal erythrocytes 
• hypoxanthine medium 
• hypoxanthine cells 
о IMP cella 
10 20 50 40 
(mm) incubation a t 57° 
• hypoxanthine medium 
• hypoxanthine celle 
Figure 2: Distribution of label in incubation medium and cell con­
tent as a result of uptake and metabolism of 8- С -hypoxanthine 
by intact human erythrocytes. 
77 
the total radioactivity vas recovered as intracellular hypoxan-
thine after about 20 minutes (fig.2, right). 
Take up of adenine was much faster by HG-PRT deficient red 
blood cells than by normal erythrocytes. In the deficient red 
blood cells after 15 minutes 80% of the total radioactivity was 
present as AMP, whereas in normal erythrocytes even after 35 mi-
14 14 
nutes only some 40% of the C-adenme had been converted to C-
AMP (fig.3). Much less radioactivity was recovered in the form 
of intracellular adenine in HG-PRT deficient red blood cells than 
in normal erythrocytes (fig.3). 
After 15 minutes of incubation with normal erythrocytes, the 
label originally administered as guanosine vas predominantly re­
covered in the medium as guanine. During the first 5 minutes 
there was also a rapid increase of free intracellular guanine 
(fig.4,left). Subsequent decrease of guanine levels outside and 
inside the red cells was accompanied by rapidly increasing GMP 
/a of to-hal rdidioact'ivit'y — 
normal erythrocytes 
100 * 
\ 
50 
/7 
-10 20 
# adenine medium 
Δ adenine cells 
о AMP cells 
30 40 
HG-PRT© erythrocytes 
\ 
10 20 50 <.0 
(mm) ii-c^bation a t 77° 
# adenine medium 
Δ adenine cells 
о AMP cells 
Figure 3: Dis t rubut ion of li '^el in ічсчМНоп v c l i u n t\-\ I c e l l cni-
tent as a r e s u l t of unfî ^ in 1 .-letiholi ч-ч р г ч 
intact hunaa erythrocvtps. 
\i.
r 
1 ІРП1T3 v 
7 8 
% of total radioactivity 
100 
* guanosine medium 
+ guanine medium 
o GMP medium 
• guanine cells 
« GMP cells 
10 20 30 40 
(mm) incubation a t 3 7 
* guanosine medium 
+ guanine medium 
« GMP medium 
• guanine cells 
Figure 't: d i s t r i b u t i o n of I л'-»el in incM'>ation -neiiun лп\ c e l l con-
t^iL іч ι r e s u l t of u p t i ' c л ι I " o t i b o l i ч-і о г 3- Ч -діпіочі η«? Ίν 
i r t i c t Iiumn c r y f i r o c v t o s . 
'/о of total radioactivity — 
normal erythrocyt-es HG-PRTQeryt-hrocyt-es 
10 20 30 4 0 
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levels in the normal erythrocytes.Remarkably,from the medium some 
GMP was recovered (fig.4»left). Incubations with HG-PRT deficient 
red blood cells revealed an even faster breakdown of guanosine. 
After 20 minutes an equilibrium between extracellular and intra­
cellular guanine was reached (fig.4, right). No GMP was recovered 
from the HG-PRT deficient red cell content, but again, surprising­
ly, in the medium small amounts of GMP were detected (fig.4, 
right). 
In normal cells inosine seemed to be converted immediately to 
IMP; no labeled hypoxanthine was detected inside the red blood 
cells and no labeled IMP was detected outside the red blood cells 
(fig.5, left). In incubations with HG-PRT deficient cells after 
only 5 minutes total label was recovered as hypoxanthine (fig.5, 
right) and 25% was present inside the red cells. 
iTimediately after the beginning of the incubation adenosine 
was deaminated to inosine. During the first 5 minutes formation 
of both extracellular and intracellular inosine was observed.Af­
ter that interval inosine disappeared inside and outside the nor-
/o of total radioactivity — 
normal erythrocytea 
10 20 30 
» adenosine medium 
. nosmp medium 
• rtosine cells 
„ AMP cells 
о IMP cells 
10 20 30 40 
(min) incubation M 37** 
« adenosine medium 
л inosme medium 
• hypoxanthine medium 
• hypoxanthine cells 
. AMP cells 
Figure 6: Oistri but Lon of ІлЬеІ in incub.itim "ip'.im m l cell con-
14 
tent as a result of uptak» ill nctabolisr of 3- С -aicnosine by 
intact human erythrocytes. 
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Table I. 
Enzyme activity tested specific activity 
ranoles/mg protein/hour 
30,000 g sup. ghosts 
G-PRT 107.1 28.2 
H-PRT 64.0 18.3 
Λ-PRT 19.3 5.3 
guanosine Phosphorylase 1,532.0 522.6 
inosine Phosphorylase 1,508.7 406.4 
adenosine Phosphorylase n.d. n.d. 
guanosine kinase n.d. n.d. 
inosine kinase n.d. n.d. 
adenosine kinase 4.6 8.7 
GMP nucleotidase 
AMP nucleotidase 
AMP deaminase 
adenosine deaminase 
7.6 
40.6 
n.d. 
n.d. 
1.0 
0.9 
2.6 
22.0 
Some enzymes of purine interconversions in 30,000 g erythrocyte 
lysate supernatant and washed ghosts (hemoglobin content less 
than 0.3% of original hemoglobin). Ghost preparations differ 
in enzyme activities and therefore results of a representative 
batch are given. 
n.d.: not detectable (activity less than 0.05 nmole/mg protein/ 
hour. 
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mal red blood cells. Extensive intracellular IMP formation was ob-
served in normal red cells. Also some AMP was recovered from the 
red cell content (fig.6 ,left) . Incubations with HG-PRT negative 
erythrocytes revealed very rapid breakdown of adenosine to inosine 
and subsequent phosphorilysis to hypoxanthine, that appeared both 
inside and outside the HG-PRT deficient erythrocytes.Inosine during 
the first 5 minutes was observed outside the riG-PRT deficient ery-
throcytes only. No IMP was recovered from the red blood cell con-
tent or from the medium. AMP formation was even less than in con-
trol cells (fig.6, right). 
The results of a number of enzyme measurements in the 30,000 g 
hemolysate supernatant and the ghosts from normal erythrocytes are 
summarized in table I. HG-PRT, A-PRT, guanosine- and inosine Phos-
phorylase, adenosine kinase, AMP deaminase and adenosine deaminase 
activities were measurable in the 30,000 g hemolysate supernatant 
as well as in the erythrocyte ghosts. 5'-Nucleotidase activity was 
restricted to the erythrocyte ghosts. No guanosine- and inosine ki-
nase or adenosine Phosphorylase activities could be detected in 
either the 30,000 g supernantant or the erythrocyte ghosts. 
niSCUSSIfV-i 
The purine bases guanine and hypoxanthine are taken up rapidly 
from the medium and converted to their corresponding 5'-mononucleo-
tides GMP and IMP .respectively, in normal erythrocytes. These reac-
tions are dependent on the activity of HG-PRT, because no radio-
active nucleotides were recovered from HG-PRT deficient red blood 
cells (figs. 1 and 2). 
Guanosine- and inosine Phosphorylase activities vrere shown to be 
present in both the 30,000 g hemolysate supernatant and erythrocyte 
ghosts (table I) , but no radioactive nucleotides were detected in 
the HG-PRT deficient red blood cells after incubation with guanine 
or hypoxanthine. The distribution of label between intracellular and 
82 
extracellular guanine or hypoxanthine in the extracellular guanine 
or hypoxanthine in the case of deficient cells (25% versus 75%), 
is suggestive of a diffusion equilibrium. 
Adenine uptake into HG-PRT deficient red blood cells is more 
rapid than into normal cells (fig.3). In hemolysates from HG-PRT 
deficient Lesch-Nyhan patients increased A-PRT activities have 
9 
been measured . Also increased PRPP levels in HG-PRT deficient 
22 . . . 
erythrocytes have been reported . In experiments with intact 
rabbit erythrocytes, uptake of purine bases and incorporation in-
to ribonucleotides was markedly stimulated by increasing the or-
ganic phosphate content of the incubation medium and this enhance-
ment of purine uptake was attended by parallel increase in the in-
18 
tracellular pool of PRPP . Our results suggest, that in intact 
human erythrocytes A-PRT is involved in the uptake of adenine and 
that its activity is acted upon by PRPP levels. 
18 
Hershko et al. reported that in rabbit erythrocytes guanine 
and adenine incorporated mainly into the corresponding nucleoside-
5'-triphosphates, hypoxanthine appearing in the cell in the form 
of IMP. In our experiments, however, no radioactive 5'-triphos-
phates were noticed. This might be partly explained by the longer 
1 Q 
incubation times used by Hershko et al. (90 to 120 minutes), 
whereas in our studies the cells were incubated for not longer 
than 35 minutes. Under the present conditions it was observed that 
only after 45 minutes of incubation in the presence of radioac-
tive adenine labeled ATP was recovered from normal human erythro-
cytes, but incubation with radioactive guanine did not yield de-
tectable GTP even after 120 minutes. 
The incubation experiments with guanosine and inosine show that 
the intracellular GMP and IMP formation in normal erythrocytes is 
also dependent on HG-PRT, because in the deficient red blood cell 
the endproducts are guanine and hypoxanthine, respectively. This 
is in agreement with the absence of measurable guanosine- or ino-
sine kinase activities in both 30,000 g hemolysate supernatant and 
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erythrocyte ghosts (table I). The small but clear cut extracel-
lular formation of GMP from guanosine (fig.4) might be indicative 
of a guanosine kinase activity at the outer cellular surface of 
intact normal or HG-PRT deficient erythrocytes, although the mem-
branes of lysed red blood cells do not display this activity 
(table I) .Interestingly,not a trace of extracellular IMP was dis-
covered after administration of inosine to normal or HG-PRT defi-
cient red blood cells. This peculiar extracellular GMP formation 
from guanosine by intact human erythrocytes has, to our knowledge, 
never been reported. 
Immediately after addition of guanosine or inosine to the 
HG-PRT deficient red blood cells, a very rapid accumulation of gua-
nine, respectively hypoxanthine , in the medium and the cell con-
tent was observed, suggesting that these conversion might occur 
at the cellular surface as well as inside the erythrocyte. This 
would be in agreement with the finding of guanosine- and inosine 
Phosphorylase activities in the erythrocyte ghosts as well as in 
the 30,000 g supernatants (table I). 
Adenosine, in contrast to guanosine and inosine, is not con-
verted to its corresponding base, neither in normal, nor in HG-PRT 
deficient red blood cells (fiç.6). This confirms the absence of 
measurable adenosine Phosphorylase activity in 30,000 g superna-
tant as well as in erythrocyte ghosts (table I). Most of the ade-
nosine added is immediately deaminated to inosine (fig.6). Adeno-
sine deaminase may also be active on the cell surface, because 
considerable amounts of inosine were recovered from the medium 
after only short incubation times. 
In the experiments with normal red blood cells much more radio-
active inosine was found outside the cells than inside the cells. 
In the experiments with HG-PRT deficient erythrocytes only small 
amounts of extracellular inosine was recovered and no intracellular 
inosine could be detected. It cannot be excluded that at least 
part of the extracellular inosine was formed intracellularly and 
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passed out of the cell. Major enrfproduct in normal red blood cells 
is IMP, in HG-PRT deficient cells the main endproduct is hypoxan-
thine. Both findings illustrate the importance of HG-PRT for adeno­
sine interconversions in the intact erythrocyte. 
In HG-PRT deficient erythrocytes after incubation with adenosine 
less radioactivity is recovered in the form of AMP than in control 
cells. This may be attributed to less effective phosphorylation of 
adenosine to ΛΜΡ in HG-PRT deficient red cells, but an alternative 
explanation is that AMP in these cells is more rapidly converted 
to adenosine, inosine and ultimately to hypoxanthine. 
The results of the incubation experiments with intact red blood 
cells indicate that certain enzymes involved in purine intercon­
versions, such as nucleoside Phosphorylase and adenosine deaminase, 
are active inside or on the surface of the red cell membrane (figs. 
4,5 and 6) and thouroughly washed erythrocyte ghosts indeed showed 
guanosine- and inosine Phosphorylase and adenosine deaminase acti­
vities (table I). The presence of AMP deaminase in the membranes 
23 24 
of human erythrocytes has been reported before ' , but the pre­
sence of nucleoside Phosphorylase in human red cell membranes has 
not been published previously to our knowledge. Adenosine kinase, 
adenosine deaminase and S'-nucleotidase were also detected in ery-
25 26 
throcyte ghosts in agreement with earlier reports ' 
An unexpected finding was the presence of HG-PRT and A-PRT acti­
vities associated with erythrocyte membranes. The fact that certain 
enzymatic activities can be measured in a membrane fraction does 
not necessarily prove that such enzymes are membrane bound, since 
there might be contamination with cytoplasmic enzymes. 
Thus far, membrane bound purine pnosphoribosyl transferases 
have been reported only from bacterid: in E.coli these enzymes are 
directly involved in the translocation of purine bases across the 
27 28 
membrane * . The membrane bound bacterial transferases appeared 
to Ίί» ilentien 1 with their soluble counterparts with respect to 
27 28 
substrate affinities, pH optinur and ir.hibition by nucleotides * 
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Whether or not human HG-PRT and A-PRT are realy, at least in 
part, membrane bound and whether or not these enzymes have a com-
parable role in the transport of purines in human red cells was 
29 
the subject of another investigation 
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PURINE UTILISATION IN HUMAN ERYTHROCYTES 
II . Demonstration of purine phosphoribosyl transferase 
activities in human red cell membranes. 
Chris H.M.M. de Bruyn and T.Lian Oei. 
Department of Human Genetics, Faculty of Medicine 
University of Nijmegen, The Netherlands. 
SUMMARY 
14 
Incubation of intact human erythrocytes with C-labeled pu-
rine bases, such as guanine, hypoxanthine or adenine, resulted 
in extracellular mononucleotide formation provided that phospho-
ribosylpyrophosphate was present in the incubation medium, show-
ing that functionally active phosphoribosyl transferases are 
present in the cell membrane of the human erythrocyte. 
Experiments with thouroughly washed, practically hemoglobin-
free erythrocyte ghosts revealed purine phosphoribosyl trans-
ferase activities, wich could be released by freezing and thawing, 
sonification, and treatment with detergents, indicating that they 
are functionally rather than structurally associated with the 
human red blood cell membrane. 
INTRODUCTION 
Tt is generali; a jsumed that mammalian hypoxanthine-guanine 
phosphoribosyl transferase (HG-PRT; E.G.2.4.2.8) and adenine 
phosphoribosyl transferase (A-PRT; E.G. 2.4.2.7) are soluble 
cytoplasmic enzymes. All the isolation procedures are based on 
purification of cell free supernatant fractions .Little atten-
tion has been paid to the subcellular localisation of purine phos-
89 
phoribosyl transferases. With respect to isolated membranes it 
has been suggested that human erythrocyte and fibroblast membranes 
о 
do not display HG-PRT activity . 
In this paper evidence is presented that purine nucleotides 
can be formed from their corresponding purine bases on the sur­
face of intact human erythroeytes. Additionally, investigations 
with thouroughly washed, virtually hemoglobin-free erythrocyte 
ghosts are reported, revealing membrane associated HG-PRT and 
A-PRT. Finally, results of studies on the effect of various treat­
ments, such as freezing and thawing, treatment with detergents 
and sonification, on the red cell membrane purine phosphoribosyl 
transferases are presented. 
М ТТ.ЧІЧ.Я \У.1 METHinS 
Isolation of intact human erythrocytes. 
Blood was obtained from normal, healthy persons by venipunc­
ture and collected in héparine. After standing in an ice bath 
for 10 min. cells were spun down (10 min.; 800 g) and plasma and 
buffy coat were removed. The packed erythrocytes were washed three 
times with three volumes of isotonic (310 mOsm.) Na-K phosphate 
buffer (pH 7.4). 
Preparation of erythrocyte ghosts. 
The intact»washed erythrocyteswere lysed in 10 volumes of 20 
9 
mOsm. phosphate buffer (pH 7.4) according to Dodge et al. . Ery-
throcyte ghosts were collected by centrifugation at 30,000 g for 
30 minutes; supernatants were removed and kept at -20 for com-
parative analysis . The erythrocyte ghosts were washed at least 
5 times with 20 mOsm. phosphate buffer. These ghosts contained 
less than 0.3Z of the hemoglobin originally present in the in-
tact erythrocytes. 
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Incubation mixtures with intact erythrocytes 
1 Vol. packed erythrocytes were suspended in 3 vol. isotonic 
phosphate buffer pH 7.4 and prelncubated for 30 min. at 37 С and 
than centrifuged off (IO min.; 800 g). The incubation experiments 
were carried out in endvolumes of 50/ul: I vol.of preïncubated 
erythrocytes was suspended in 3 vol. incubation medium; 1 ml of 
this incubation medium contained 0.3 ml of isotonic Na-phosphate 
buffer (pH 7.4); 0.45 ml 0.145 M HaCl, 0.05 ml 0.115 M MgClj. 
бН-О and 0.2 ml 0.05 H glucose. Experiments were carried out in 
the presence and absence of phosphoribosyl-pyrophosphate (РЯРР) ; 
in the latter case PRPP (Na-salt, from Sigma) was included to a 
final concentration of 5 mM, except when otherwise indicated .In­
cubation mixtures further included one of the labeled purine 
bases: 8- С -guanine (spec.act.57 mCi/mmole), 8- С -hypoxan-
thine (spec.act.59 mCi/nmole) or 8- С -adenine (spec.act.59 
mCi/mmole). The final concentration of labeled compounds was 15.uM. 
Л11 radiochemic-ils were obtained from Radiochemical Centre, 
Amersham. After incubation for 15 minutes at 37 C, the mixtures 
were rapidly chilled in ice and centrifuged (800 g; 5 min.).The 
supernatants , referred to as "medium", were removed for analysis 
and the packed cells were lysed with 3 vol. of ice cold 5% TCA. 
After re-centrifugation the TCA supernatant of this fraction was 
referred to as "cell content". Both fractions were analysed by 
means of high voltage electrophoresis and paperchromatography as 
1 0 described previously . After identification of the labeled spots 
quantification of radioactivity was performed with the aid of a 
Packard Tri Carb liquid scintillation counter 
Incubation mixtures with erythrocyte ghosts. 
Ttie r e a c t i o n -nixture ( f i n a l volume 40»ul) , cons i s ted of 4 mióles 
Э- С - labeled pur ine h a s e ; 0.05,umole PR^P; 0.2,umoles TTP ( t o 
i n h i b i t 5 ' - n u c l e o t i d a s e a c t i v i t y ) ; O.SO.umole MgCl» and O.SiUioole 
T r i s (pil 7 . 4 ) ; to s t a r t the r e a c t i o n , 10.ul of e r y t h r o c y t e »host 
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Suspension, containing 10-20 y protein was added. In blancs, РЧРР 
was replaced by H-O. Incubation followed for 60 Tiinutes at 37 С 
and after stopping the reaction by rapid freezing, substrates and 
products were separated by high voltage electrophoresis and paper-
10 
chromatography as described previously 
Various treatments of the erythrocyte ghosts. 
- Five times washed ghosts (P^ghosts) were frozen (-20 C, in 
the freezer) and thawed once or twice. Thawing was followed 
by centrifugation (30 min.; 30,000 g); supernatant and pel­
let were assayed for HG-PRT and A-PRT activities. 
- Triton X-100 (Serva) or sodium-deoxvcholnte (ЧОГ^Мсгск) were 
added to final concentrations of 0.24% and 0.60% to P-ghosts; 
after preincubation for 5 minutes at 0 C,ghosts were spun 
down (30,000 g; 30 min.) and supernatant and ghost sediments 
were assayed for purine phosphoribosyl transferase activities. 
- Sonification was performed with a BI2 Sonifier (Branson sonic 
power), 45 Watt/ml; 3 strokes of 10 seconds at 0 C.After 
centrifugation (30,000 g; 30 min.) both supernatant and soni­
fied ghosts were assayed for purine phosphoribosyl transferase 
activities. 
'•iE S Г LT S 
Incubations with intact cells. 
The labeled purine bases guanine, hypoxanthine and adenine were 
taken up by intact normal human erythrocytes in considerable amounts 
(table I). After 15 minutes of incubation, about 63% of the label 
administered as 8- С guanine was recovered from the cell content. 
14 
The main labeled compound inside the red blood cell was 8- С -
GMP, i.e. 54% of the total activity. Incubation with hypoxanthine 
resulted in comparable amounts of label taken up (slightly less 
than 59%) , the f omation of IMP being about half of that of GMP 
92 
Table I 
Radioactive metabolites in nmoles/ml 
after 15 min. 
MEDIUM CELLS 
Guanine GMP Guanine GMP 
l5.uM guanine - PRPP 20.2 - 6.1 32.4 
15/uM guanine + 5 mM PRPP 0.7 22.0 - 37.1 
Hypoxanthine IMP Hypoxanthine IMP 
15 ,ui hypoxanthine - PRPP 23.6 - 18.2 16.9 
IS.uM hypoxanthine + 5 mM PRPP 12.7 18,1 6.3 20.6 
Adenine AMP Adenine AMP 
15,uM adenine - PRPP 27.5 - 19.3 12.8 
IS.uM adenine + 5 nM PRPP 26.0 5.2 10.2 17.9 
The endconcentration of 15,uM C-labeled purine base in these 
experiments corresponds to approximately 60 nmoles per ml packed 
cells. 
Recovery of radioactive net-ibolites as a result of uptake and 
interconversion of labeled gtianine, hypoxanthine and adenine in 
intact erythrocytes in the presence and absence of 5 mM PRPP in 
the incubation •nedium. 
C-labeled 
purine base added. 
(end concentrations) 
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(about 28%) . Intracellular AMP formation from externally adminis-
tered adenine was somewhat less extensive than GMP and IMP forma-
tion from guanine and hypoxanthine, respectively. Approximately 
21% of total radioactivity was recovered as intracellular AMP, 
whereas total uptake of radioactivity was slightly less than 54%. 
In the medium only the originally administered purine bases were 
detected in the absence of extracellular PRPP (table I). 
A completely different picture was obtained after incubation of 
the various purine bases in the presence of 5 mM PRPP in the in-
cubation medium. In all experiments labeled mononucleotides corres-
ponding to the originally added purine base were detected extra-
cellular ly (table I). About 37%, 30% and 9% of the label added 
was recovered from the medium in the form of GMP, IMP and \MP, 
respectively. Besides of this, a moderate increase of intracel-
lular GMP, IMP and AMP formation was observed (table I). Total 
(extracellular and intracellular) nucleotide formation was, there-
fore, much increased by the addition of 5 mM PRPP to the incubation 
medium and, consequently, much lower amounts of extracellular and 
intracellular free purine bases were detected (table I) . The over-
all uptake of radioactive label by the erythrocytes,however, was 
decreased by addition of external PRPP. 
Fig.l shows the effect of varying the external PRPP concentra-
tion on extra- and intracellular nucleotide formation. There is 
an absolute dependency of extracellular nucleotide formation on 
the presence of exogenous PRPP. Extracellular GMP and IMP forma-
tion is much exhanced by increasing the exogenous PRPP from 0 to 
1 mM. This is much less the case with extracellular AMP formation. 
Maximal extracellular GMP and IMP formation was about 20-22 mióles 
per ml packed cells; maximal extracellular AMP formation was about 
6 nmoles per mlpacked cells (fig.l). Intracellular nucleotide 
formation is also stimulated by increasing extracellular PRPP 
levels from 0 to 1 mM. The effect was more pronounced on intracel-
lular AMP formation, than on intracellular GMP and IMP formation. 
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η moles G MP / 
m DOC Я ed cells / iSmin 
η motes IMP/ 
ml pocked cells /15 mm 
η moles AMP/ 
ml pocked cells /15 mm -
rigure 1: effect of varying extracellular ^RPP concentration on 
extracellulir and intracellular nucleotide formation from extra­
cellular purine bases bv intact human erythrocytes. 
relative activity (%) 
Ю0 * 
waehmge 
• — • A-PRT 
о—о HG-PRT w i t h guanine AB a u b e t r a t e 
• — · HG-PRT with hypoxanthine ae eubetrate 
Figure 2: HG-PRT and Λ-PRT activities in erythrocyte ghost prepa­
rations after various vashinçs. Values Riven are mean values of a 
typical experiment carried out in^duplicate• 
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Incubations with erythrocyte ghosts. 
Thouroughly washed virtually hemoglobin free ghosts showed dis­
tinctly purine phosphoribosyl transferase activities. In fig.2 
results of HG-PRT and A-PRT measurements are shown after repeated 
washings· The initial drop in activities leveled off after 3-4 
washings, and after nine washings still about the same levels of 
activity were measured. In further experiments always 5 times 
washed ghosts were used. 
Scheme I shows that about 10% of the total erythrocyte protein 
was associated with the first pellet (P ). Subsequent washings 
did not substantially reduce the protein content of the ghost 
10 ml packed erythrocytes 
* 140 ml 20 mOsm Ma К phosphate buffer (pH 7 4) 
centri f ligation 
30 mm at 30 000 g 
+ 100 ml 20mOsm 
g-ml 
10 24 nmole/mg/hr 
71 - 10b nmole/mg'hr 
118 220 nmole'mg/hr 
aha!) ghost« 
5 12 nmole/mg/hr 
1Θ - 30 nmole/mg/hr 
23 45 nmole/mg/hr 
Scheme I.: Distribution of HC-PRT and A-PRT activities in 30,000 <ζ 
heraolysate supernatants and erythrocyte ghost preparations as deter­
mined after 5 independent isolations. 
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* 145 ml supernatani 
protein content 14 4 15 2 mg ml 
total protein 2000 - 2200 mg 
apecilic activm« lysate supernatant 
д pRT 16 30 nmole/mg/hr 
HG - PRT with Ни as 
suDslr 56 94 nmole'mg/hr 
HG - PHT with Gu as 
substr 95 - 148 nmole mg/hr 
first ghost pellet (Po ghosts) 
buffer (pH 7 4) 
protein content 17 2 2 m 
total protem 170 220 mg 
tpecilic activities Po ghosts 
A PRT 
HG -PHTwith Hx 
HG-PRT with Gu 
specific activitiw Ρ5 <5 » w 
A PHT 
HG -PHT with Hx 
HG - PRT with Gu 
fraction. The specific activities in the hemolysate supernatant 
and the Ρ ghosts were in the same range, so that approximately 
10% of total erythrocyte purine phosphoribosyl transferase acti­
vity was associated with the Ρ ghost fraction.In P, ghosts 3-5% 
of the total erythrocyte HG-PRT and A-PRT activities were found. 
These P, ghosts contained less than 0.3% of the hemoglobin origi­
nally present in the intact erythrocyte (for Ρ ghosts this value 
was 1.0%). 
Effects of freezing, sonification and detergents. 
In table 2 the total A-PRT and HG-PRT activities in the vari­
ously treated samples are given, whereas in table 3 the activities 
of the separate 30,000 g supernatants and 30,000 g ghost pellets 
are shown. 
Freezing and thawing once or twice produced HG-PRT and A-PRT 
activities that were somewhat higher than those in untreated 
samples (table 2). Most of the enzymatic activities were released 
from the ghost membranes, as judged from the HG-PRT and A-PRT ac­
tivity measurements in the 30,000 g supernatant (table 3). 
Ultrasonic treatment likewise caused solubilisation of HG-PRT 
and A-PRT from the membranes, the activity in the whole fraction 
being slightly increased for A-PRT and more clearly for HG-PRT 
(tables 2 and 3). This rise in activity was due to increased acti­
vities in the soluble 30,000 g supernatant (table 3). 
Treatment with 0.60% Triton X-100 brought about a slight in­
crease of total A-PRT activity (about 1 .5 times the control value; 
table 2). The higher activity of A-PRT released into the 30,000 g 
supernatant was responsible for this finding (table 3). The sti­
mulation of HG-PRT activity after Triton X-100 action was even 
more pronounced (table 2). Here again, most of the enzyme acti­
vity was removed from the membranes, and the released HG-PRT 
displayed a higher activity with both hypoxanthine and guanine 
(table 3). 
Deoxycholate produced removal of A-PRT from the membranes, but 
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Trartnwit 
Qmiral 
ítf— 
2,¿~*, 
Мтюпк 
l U « Triton 
x-iao 
06Ο» Triton 
Х - 1 0 0 
О М » DOC 
ОН!» DOC 
'шла жалит η 
А - Р Н Т 
5 7 
7 9 
6 3 
6 9 
7 7 
SB 
< 7 
4 0 
nmotas pv 2tir 
пЛ K t 
100 
138 
1 11 
1 21 
1 35 
1 M 
82 
70 
π 
Η-PUT 
total act шфепиол* 
29.8 
334 
307 
42 4 
ι 
543 
501 
661 
1 _ 7 г з _ 
n i act 
100 
1 16 
107 
1 47 
189 
1 74 
230 
253 
G-PHT 
total act suspension* 
297 
363 
35 9 
49 3 
498 
506 
6S9 
6 6 3 
rei act 
100 
122 
121 
166 
168 
170 
222 
223 
Table II. 
Total HG-PRT and A-PRT activities in erythrocyte ghost suspen­
sions (0.5 mg protein) after various treatments. 
Treatment 
Control 
1 χ freezing 
-20° 
2 χ freezing 
-20° 
ultrasonic 
0 24% Triton 
X - 1 0 0 
0 60% Triton 
X - 1 0 0 
0.24% DOC 
060% DOC 
A 
ghosts 
5 7 
0 9 
0 8 
0 7 
10 
0 8 
0 5 
0 5 
total activities of separate fractions in 
-PHT f H-PRT 
sup I ghosts sup 
28 8 
I 
7 0
 i 19 3 1 5 
5 5 15 2 9 2 
6 2 1 2 4 1 2 
1 
6 7 3 3 51 0 
8 0 
4 2 
3 5 
2 9 47 2 
3 4 627 
3 4 6 9 5 
nmoles per 2hr 
G 
ghosts 
29 7 
2 5 
2 0 
1 5 
3 9 
3 2 
4 2 
4 3 
-PRT 
sup 
1 
338 
3 3 9 
47 8 
45 9 
47 4 
617 
62 0 
Table III. 
Total HG-PRT and A-PRT activities in 30,000 g supernatants and 
30,000 g pellets (ghosts) after centrifugation of the suspen­
sions mentioned in table II. 
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total enzyme activity was somewhat lower as compared to untreated 
samples (table 2 and 3). A stimulation of more than 200% was found 
for HG-PRT as a result of the action of 0.24% and 0.60% deoxycho-
late (table 2). Once more this overall stimulation was attributed 
to the increased activity of the solubilised HG-PRT for both hy-
poxanthine and guanine (table 3). 
These effects on membrane associated purine phosphoribosyl 
transferase activities were not observed for 30,000 g hemolysate 
supernatant HG-PRT and A-PRT. Freezing and thawing once or twice 
did not affect both activities. Neither after sonification, nor 
in the presence of Triton X-100 or deoxycholate the activities 
were increased or decreased. 
DISCUSSION 
The studies with intact human erythrocytes and with practi-
cally hemoglobin-free erythrocyte ghosts presented in this com-
munication demonstrate purine phosphoribosyl transferase activi-
ties in the red blood cell membrane. 
The experrments with intact human erythrocytes show that the 
purine phosphoribosyl transferases in the red blood cell membrane 
are accessible to extracellular PRPP. The reduced overall uptake 
of radioactive label by the erythrocytes in the presence of 5 mM 
PRPP in the medium is probably due to the fact that the large 
amount of purine nucleotides formed outside the cell cannot 
enter the erythrocytes (table T). 
During the preparation of hemoglobin free erythrocyte ghosts 
9 
according to Dodge et al. the pink colour of the first ghost 
pellet disappeared after 3 or 4 washings. The initial loss in 
HG-PRT and A-PRT activities was parallel to this phenomenon raf-
ter 3 to 4 washings the activities remained on the same level 
(fig.2). The absolute activities of both enzymes varied accor-
ding to source and preparation (Jcheme I), but in all cases the 
same type of curves was noticed: after more than 4 times washing 
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the activity levels remained unaffected (fig.2) ; 3-5% of the 
total erythrocyte purine phosphoribosyl transferase activities 
were found to be associated with the practically hemoglobin-free 
ghost fractions. The quantitative and qualitative significance 
of this amount of activity for red cell purine metabolism requires 
further investigation . Especially, compartnentation in the mem­
brane should be taken into consideration. 
After freezing and thawing the ghosts once, most purine phos-
phoribosyl transferase activity was found in the 30,000 g super­
natant. The same was the case after sonification and detergent 
treatment. With the exception of the decrease of solubilised A-PRT 
activity by treatment with DOC, these different treatnents had a 
considerable stimulating effect on the activities of the enzymes 
solubilised from the erythrocyte ghosts. No effects of Triton X-100 
and DOC on phosphoribosyl transferase activities in the hemoly-
eate supernatant were demonstrated; perhaps these differences 
are due to the specific way in which both enzymes are organised 
in high-molecular complexes that can be released from the cell 
membrane after various treatments and that do not sediment at 
30,000 g. The nature of such complexes, if they exist, and 
characterisation of the enzyme activities are currently under in­
vestigation. 
From the present study it is evident, that purine phosphoribo­
syl transferase might form a functional rather than a structural 
complex in the human red cell membrane. A similar feature has 
been reported for Ε-coli membranes: phosphoribosyl transferases 
are apparently located in the pericytoplas-nic space, since it was 
relatively easy to release the enzymes when the cells were sub­
jected to osmotic shock 
Experiments with cultured human fibroblasts suggest that HG-PRT 
might be involved in hypoxanthine transport, because HO-PRT defi-
o 
cient cells did not show hypoxanthine transport into the cell 
In HG-PRT deficient erythrocvtes no uptake of labeled hypoxan-
100 
thine in the form of the corresponding nucleotides was noticed , 
but label recovered from the cell content was exclusively present 
as free purine base in a concentration suggestive of a diffusion 
equilibrium. After several washings, all label disappeared from 
the HG-PRT deficient red blood cells, indicating permeability 
of the erythrocyte membrane for purine bases. In the other hand, 
in normal red blood cells, the labeled purine bases were taken up 
as nucleotides and these nucleotides could not be washed out.If 
the terms transport or uptake are used to describe passage of a 
material across a cell membrane, then it cannot be stated that 
there is no hypoxanthine transport in HG-PRT deficient red blood 
cells. 
From the evidence reported here, it seems possible that the 
human red blood cell membrane may play a role in the regulation 
of purine uptake by means of membrane associated purine phospho-
ribosyl transferases - a role which was not recognised before. 
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PURINE UTILISATION IN HUMAN ERYTHROCYTES 
III Uptake of hypoxanthine, guanine and adenine 
Chris Н.Ч.М. de Bruyn and T.Lian Oei, 
Department of Human Gene tics,Faculty of Medicine 
University of Nijmegen, The Netherlands. 
SUMMARY 
The ргігіпе bases guanine, hypoxanthine and adenine are taken 
up into the intact human erythrocyte according to a two component 
system. 
The first component, actinß at low purine base concentrations, is 
a saturable, temperature sensitive, nucleotide forming, phosphori-
bosyl transferase dependent system. 
The second component, actin«; at higher purine hase concentra-
tions, is non-saturable and temperature independent. 
Addition of exogenous phosphoribosylpyrophosphate, a co-substrate 
for the phosphoribosyl transferase reactions, stimulated intracel-
lular and extracellular nucleotide formation, illustrating the 
involvement of the phosphoribosyl transferase system in the 
transport of purine bases across the rerl cell menbrune. 
INTRODUCTION 
The purine bases hypoxanthine, and adenine can rapidly pene-
I -3 
trate the human erythrocyte menbrane . In the case of hypoxan-
thine the dependence of the transport rate upon the concentration 
2 is suggestive of a two-component nechanisra . The first component 
2 
seems to be a sa tu rab le c a r r i e r system, the secondnnn-saturable . 
Adenine upta'ce i n to human blood ι l a t e l e t s appears to be a c a r r i e r -
103 
mediateci process . 
The exact nature of purine transport in the nenbrane of the 
human erythrocyte, however,is still obscure. 
In bacteria there is evidence for a role of purine phosphoribosyl 
transferases m the uptake of purine bases : adenine phosphoribo­
syl transferase (Λ-PRT; E.G. 2.4.2.7), catalysing the one step 
reaction of adenine with phosphoribosylpyrophosphate (PpvPT') to 
give 5'-AMP, was demonstrated in cell free extracts and "петіЬгапе? 
from Ε-coli. The membrane hound enzyme appeared to be identical 
with the soluble enzyme with respect to substrate affinities, pH 
. 4 
optimum and inhibition by adenine nucleotides . No such fin-Un^s had 
been reported with respect to eukaryotes. Recently, however, 
evidence has been presented for the presence of purine nhosphori-
bosyl transferase activities in human red blood cell membranes, 
apart from the activities in the soluble fraction ' . 
In the present study besides the uptake of radioactive hypoxan-
thine, guanine and adenine, also the interconversions and eventual 
release of metabolites by intact human erythrocytes were investiga­
ted. In order to analyse the two component mechanism involved in 
purine transport also cells with virtually complete deficiency for 
HG-PRT were used in these studies, providinj; further information 
on the significance of purine phosphoribosyl transferases for red 
blood cell purine metabolism.In addition, the effect of extra­
cellular PRPP, the co-substrate in the purine phosphoribosyl 
transferase reactions, on the uptake of purine bases was studied 
in more detail. 
MATF.4I\LS INI) ЧЕТЧПРЗ 
The experiments were carried out with washed erythrocytes from 
freshly withdraT/n heparinizel human human blood. I volurre o* 
washed red blood cells was suspended in 3 volumes of isotonic Va-K-
Phosphate-buffer (pH 7.4) with 0,115 M MgCl0.6 H„0 and 0.05 ч P.lu-
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cose. After preincubation for 30 minutes at 37 С various amounts of 
о- С -^ypox.inthinp or 3- С -guanine (spec.act.57-59 mCi/nraole) 
or S- С -adenine (spec.act. 60 mCi/rnmole) were added to give 
500,ul of a 25% cell suspension. All radiochemicals were obtained 
from Radiochemical Center, Amersham. After 15 minutes of incuba­
tion at 37 C, the reaction fixtures were rapidly chilled (0 C) 
and ccitrifu^ed (5 min. at SOCI к). The suoernnt^nt (referred to 
as 'nediun-') was renoved and kept for analysis. The гепаіяіп» cells 
were lysed by nJdition of icecold 5% ТСЛ. The 1,000 g supernatant 
of this nixture was referred to as "cell content'. 10-20/ul por­
tions of both mediin and cell content were submit ted to descen-
Нпз chromto,",raphy (in 0.01 M phosphatehuffer pH 3.4) on Whattman 
3 4 paper ai 1 hi^h voltage electrophoresi s (in pyridine-acetic 
acid-water buffer 1:4:90 ; pH 3.6; 45 min. at 40 V/cm). Labeled 
spots were nonitored by strip counting ("ackard Chromatoaran 
Scanner) and identified by means of co-chro-nato^raphed and co-
elactrophoresed standards. Quantitation of the radioactivity was 
acco'iplished by liquid scintillation counting (Packard Tri Carb) 
of the radioactive spots. Details of this procedure are described 
elsewhere . 
RESULTS 
Concentrationdengndencg 
FÌ3.I illustrates the uptake of lahelad rçuanine at five dif-
ferent concentrations. H lov concentrations the label administe-
14 14 
red as 3- С -guanine is recovere ! as 3- С -0ЧР from the cells. 
\t higher concentrations, the absolute quantities С'-ГР reached a 
14 
maximum level and at the same time free 3- Π -guanine was de-
14 
tected inside and outside of the cell. No 3- С -CIP was observed 
in erythrocytes lacking hypoxanthine-guanine phosphoribosyl 
transferase (HC-PRT; 2.0.2.4.2.3) activity. 
Fig. 2 shows the concentration dependence of the guanine trans­
ios 
% of total 
radioactivity 
control cells HG PRT deticient cells 
1 0 0 
5 0 
Ш 
І^ 
^ 
ш 
Щ 
i 
SÉ; 
Ш 1 
all concentrations 0 5 / J M 2 / U M 4μΜ /uM 4 0 / j M 
I I guanine cells L _ I guanine medium 
^ GMP cells 
Figure 1: Distribution of radioactivity in incubation medium ani 
red blood cells after addition of various amounts of isotopicnllv 
labeled guanine to intact normal чпЛ HO-PRT deficient cells. 
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Figure 2: Concentration dependence of guanine uptake into intact 
normal red blood cells.о о total uptake; + + uptike in t^ e Гот 
of nucleotide. 
port over a wider concentration ran^e. At low concentrations, up­
take rapidly increases upon rising concentrations. All label is 
recovered as intracellular 3- С -CIP. At higher concentrations 
there is also a good correlation betveen concentration and trans­
port, but the slope of tlic curvî representine total uptake of label 
is considerably smaller. At concentrations where the first part of 
14 
the curve passes into the second part, the intracellular 8- С -
GMP formation reached a maximal level. Increasing the concentra-
14 . . . . 
tion of 8- С -guanine above this level only re4ulted in increasing 
amounts of free guanine in the cells. In erythrocytes obtained from 
individuals with a deficiency for HG-PRT, only labeled guanine 
was recovered from cells and medium. 
14 
8- С -Hypoxanthme transport showed the same features as 
guanine transport: at low concentrations all label was recovered as 
intracellular 3- С -IMP. No IMP formation was observed in HG-P4T 
deficient erythrocytes (fig.3). As compared to GMP fornation,IMP 
formation from hypoxanthine in control cells reached a maximum 
at lower concentrations (fig.4). Under the present conditions 
the maximum amount of IMP formed vas about 12 nmoles/ml packed 
cells/15 minutes whereas for GMP the corresponding value was about 
50 nmoles (figs.2 and 4). 
14 
In the sane way as with guanine, free 8- С -hypoxanthine was 
14 
observed in the cells as soon as 3- С -IMP formation leveled 
off. 
In HG-PRT deficient red blood cells the relation between guanine 
or hypoxanthine concentration was represented by a straight line 
that seemed to be parallel to the seconi part of the concentration 
curve obtained with control cells (fig.5). Incubation of normal red 
14 
blood cells with varying amounts of 8- С -hypoxanthine and 
14 о . 
3- G -guanine at about 4 С revealed a linear relationship be­
tween concentration and uptike. :io nucleotide formation inside 
the cells \n.s not^ced. With the methois used in these experiments 
this straight lir.o coul.-ï not hp i'i stLnghuised from that obfiined 
with :іГ,-?ЧТ deCicLf-nt erythrocytes (fi'"'.5). 
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Figure 3: Distribution of radioactivity in incubation fiedium an-1 
red blood cells after addition of various я-ioiints of isotopycallv 
labeled hypoxanthine to intact nornal and ЧС-Р^Т deficient cells. 
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Figure 4: Concentration dependence of hypoxanthine uptake into 
intact normal red blood cells, o——о totil uptake; + 1- uptake 
in the fom of nucleotide. 
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Figure 5: Comparison between the concentration dependence of hypox-
anthine and guanine uptake into intact normal and HG-PRT deficient 
red blood cells, о о total guanine uptake (normal cells) ;•· к 
hypoxanthine uptake (normal cells); à A total guanine uptake (HG-
PRT deficient cells); * * total hypoxanthine uptake (HG-PRT~ cells). 
Adenine uptake resembled that of guanine and hypoxanthine: at 
14 
low concentration all label was recovered a 8- С -AMP. In compa­
rison with the GMP- and IMP forming systems saturation of the 
AMP forming system was observed at lower levels in normal red 
blood cells, but not in HG-PRT deficient erythrocytes (fig.6). 
Fig.7 also shows a two component transport system for adeaine . 
Here again, saturation of the AMP forming system is attended by 
the appearance of increasing amounts of free S- С -adenine in 
the cells. HG-PRT deficient erythrocytes show a higher capacity 
14 
with respect to 8- С -AMP formation: under the conditions used 
14 
the maximal amount of 8- С -AMP formed in HG-PRT deficient 
red blood cells was about 50 nraoles/ml packed cells, in normal 
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Figure 6: Distribution of radioactivity in incubation medium 
and red blood cells after addition of various amounts of iso-
topical-ly labeled adenine to intact normal ani ЧС.-РЧТ deficient 
cells. 
red blood cells 12 nmoles per ml. packed cells. 
lË£^:ts_of_PRPI4 
Figs. 8,9 and 10 show the results of experiments in which the 
effect of PRPP on the distribution of intracellular and extracel-
lular radioactivity was investigated, addition of 2 mM PRPP to the 
incubation mixture resulted in the appearance of labeled mononu-
cleotides in the medium. This was the case for all three purine 
bases tested. The mononucleotides always corresponded to the base 
110 
η moles uptake/ml packed cells /15min 
1 2 0 -
n moles uptake / ml packed cells /15min 
100 -, 
Figure 7: Concentrations dependence of adenine uptake into intact 
normal (left) and HG-PRT deficient (right) red blood cells. 
о — о total uptake; + + uptake in the form of nucleotide; 
*- -* total uptake when incubated at 4 C; normal cells. 
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Figure 8: nistribution of radioactivity after the addition of dif­
ferent anounts of guaninejwith and without 2 mM extracellular PRPP, 
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Figs. 9 and 10. : 
Distribution of radioactivity after the addition of different 
amounts of hypoxanthine and adeninejwith and without 2m4 extra­
cellular PRPP. 
112 
ori^irally adJpà to the reaction -nixture (fi^3.3,9 und IO). In the 
presence of 2 тті РЯГР the total uptake of labeled purines into 
tlie erythrocytes was lower as conpared to incibations without PR??. 
dowever, the total amount of nucleotides formed was significantly 
increased at purine base concentrations exceeding the saturating, 
levels of the respective nucleotide forming systems. 
DISCUSSION 
Under the conditions used in our experiments no ether compounds 
than the originally added free base and its corresponding mononucleo­
tides were found in the erythrocytes after incubation. 
In order to study the distribution of the free purine bases in­
side and outside the red blood cells,after srpqrntion of the incu­
bation mixtures into medium and packed cells by centrifugation, 
the cells were immediately lysed with 5% TCA after carefull remo­
val of the "ned inni. The erythrocytes were not was he Ϊ after centrifu-
gation, because this procedure removes the free bases from the cell 
content. After several washings the гетгіпіп^, label in the cell 
was shown to be exclusively in the form of the corresponding mono­
nucleotide. In normal erythrocytes, thoroughly washed after incu­
bation, the relation between concentration and uptake is identical 
to the curves of the saturable system in figs. 2,4 and 7.In HG-PUT 
deficient red blood cells, where no saturable G'lP and ГІР forming 
system was observed, all radioactivity disappeared from the cell 
content after several washings. 
The results shown in figs. 1-7 reveal a two component system 
for the transport of the hypoxanthine and guanine and a separate one 
for adenine. The overall type if concentration dependence of both 
two component systems resembles a "diffusion-type system'1 super­
imposed on a saturable system. Thf» results also show that the 
saturable system is in fact a nucleotide forming systen (figs.2, 
4 and 7 ) , nucleotide formation from free purine bases in human 
erythrocytes is known to be HG-PRT or A-PRT dependent, because the 
113 
alternative pathway to form nucleotides from free bases hy the 
purine nucleoside phosphorylase-and purine nucleoside kinase re­
actions could not be demonstrated in intact human red blood cell·; . 
The fact that the concentration dependence of hypoxanthine anJ 
guanine transport in HG-PRT deficient erythrocytes does not show 
a saturable component, indicates that HG-PRT is at least pirt of 
the saturable transport system. In addition, incubation it about 
4 С resulted in a similar concentration dependence as in the 
case of HC-PRT deficient red blood calls: no saturable, nuclentHe 
forming system, but only a straight line, suc^ast^.v: 0* diffusion-
like transport. It has been shown that part of the red blood cell 
HG-PRT and Λ-PRT activity is associated with the erythrocyte meii-
brane and that the membrane associated purine phosphoribopyl 
transferases of intact red blood cells are accessible to '»ЧР" 
from outside the cell . These me-nhrane -associated purine 
phosphoribosyl transferases may very well be involved in the 
saturable component of the transport systen. Our data indicate 
that at low concentrations (below lO.u1!), purine base uptake 
would depend "lainly on the saturable, nucleotide forming systeii, 
whereas at higher concentrations diffusion should prevail. In 
human erythrocytes physiological concentrations of adenine have 
thus far escaped detection; hypoxanthine is present in concen-
trations ranging from 3/UM to 20.uM . In vivo, therefore, the sa­
turable, nucleotide formin'j system may play a major role with 
respect to transport of purines. Com^arible data come from stu­
dies on rabbit polymorphonuclear leucocytes: when added at low 
concentrations almost all the adenine that entered the cells 
was converted to adenosine nucleotides, the limiting step to 
9 
adenine incorporation occurring at the membrane . 
The co-substrate PRPP has a pronounced effect on purine 
transport. Addition of PRPP to the incvibati on medium indücos 
extracellular purine nucleotide formation at the expense 
of intracellular purine nucleotide formation (figs.3,9 and П ) 
and total purine uptake is decreased in the presence of axtra-
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cellular PRPP , supposedly because extracellular purine nucleo-
tidos caanot penetrate the rçj blood cell тпе-пЬгачо. 
In HG-PRT deficient red blood cells, elevated concentrations 
of PRPP have heen found together with increased A-PRT activities 
14 
The results in fig. 6 and 7 show that 8- С -adenine uptake in 
HG-PRT dsficinnt cells is more extensive than in normal cells. 
Apparently this is due to a higher capacity of the saturable, VIP 
forming conponent of the transport systen. These findings provide 
further evidence for the role of A-PRT in the uptake of adenine 
and for the crucial role of PRPP: the saturating levels of the 
nucleotide forming coTnponents of the purine transport systems ar« 
probably highly dependent on PRPP concentrations in the erythro­
cytes. 
The coupling of a first step in the -netabolisin of an exogenous 
compound with its transport provides a mechanisn in which a single 
input of energy can drive both processes. Such a mechanism is in­
volved in the uptake of sugars by bacterial cells, since a phos-
pho-cnolpyruvate-dependent phosphotransferase system catalyses 
11 Ρ 
the vectorial phosphorylation of p.lucose and other sugars 
studies on purine utilisation in bacteria suggest that purine 
phosphoribosyl transferases play a comparable role in purine up­
take. It has been sho'-m that purine uptake in Bacillus subtilis 
іч proportional to phosphoribosyl transferase activity for that 
1 3 . . . . 
purine and studies on E.coli 'nvr· shown that A-PRT is directly 
. . . A 
involve*! in the transport of adenine across the merbrane . 
The present results profile eviJpnce of a similar role of 
purine phosphoribosyl transferases in eukaryotic cell membranes. 
The finding that the saturable parts of purine transport are 
nucleotide forming systems, the fact that these systems are 
influenced by PRPP and the observation that the saturable part 
of the transport system for hypoxanthine and guanine in HC-PRT 
deficient cells is lacking, make a strong case for the involvement 
of the phosphoribosyl tr insiérase system in the translocation of 
purines across ti.Ρ -ip^ bri ν; . 
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PURINE UTILISXTION IN ΙΠΜΑΝ ERYTHROCYTES 
IV Effects of osmolarity and p!I on retention of 
purine phosphoribosyl transfense activities 
in ghost preparations. 
Chris U.M.I, de Згиуп ani T. Lim Oei, 
Department of '.luman Genetics, Faculty of "'ег-ісіпо 
University of Nij-ne^en, The N'ethnrlan !s. 
Sirr'ARY 
The osiaolarity and the pil of the henolysin" buffer was fo-ind 
to affect the retention of hemoglobin an! purine pho^^horibr^-l 
transferases in hunan erythrocyte ghost propar it ions. 
Dilution of certain erythrocyte ^host préparât ioas in vater 
caused fragmentation of the »hosts, ani an i['lcr•'î^^:;^, of the spe-
cific activities of purine phosphoribosyl trais^erases in these 
preparations. 
Addition of a Triton X-190 solution to virtually henoglobin 
free erythrocyte ghosts résulte! in release of the purine phos-
phoribosyl transferases from the ghosts and, simultaneously,in 
marked activation of the released enzymes. Similar treatment 
had no effect on purine phosphoribosyl transferases in the so-
luble fraction of human erythrocytes. 
The results presented in this study suchest that tho re ^ 
blood cell membrane associate', purine phosphoribosyl tra is f e-
rases may be classified as extrinsic cell "іетіЬгапс proteins. 
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тчтчтистпм 
Τη ,i preceding paper it has been reported that purine phos-
phoribosyl transferase activity can be measured in erythrocyte теш-
branes, apart fro.n activities in the cytoplasmic supernatant frac~ 
tion . The activities of hypoxanthine-guanine phosphoribosyl trans­
ferase (HG-PRT; E.G. 2.4.2.3) and adenine phosphoribosyl transferase 
(A-PRT; E.G.2.4.2.7) were denonstrated not only in isolated erythro-
cvte ghosts, but also in membranes of intact erythrocytes . 
The present experiments were devised to study the effects of 
osmolirity and pH on the retention of HG-PRT and A-PRT activities 
in erythrocyte ^ost preparations and the effect of fragmentation 
and soluhilisation on the red blood cell membrane associated purine 
phosphoribosyl transferases, in order to investigate more closely 
the nature of the association. 
MATI^TALS AND ^fETHOTS 
E££R'2E§Ê.i°!l_2£_£Eï£!lE2Ç.ZE.Ê_S!l2£Î.^ · 
Freshly drawn venous human blood was heparinized and allowed to 
stand for 10 minutes in an ice bath. After centrifu<»ation (300 g; 
IO min.) plasna and buffy coat were removed and the erythrocytes 
were washed three times with 0.9% NaGl. One volume of packed cells 
was lysed in 14 volumes of Tris buffer (pH 7.4) with varying os-
molarities (10-30 mOsm) or in water. After three additional 
washings in the corresponding hemolysing media, the various ghost 
preparations vere suspended in 5 volunes of the corresponding 
nedia. 
To investigate the effect of the pH of the hemolysing medium on 
the retention o^ o.nzyme activities, 10 and 30 nOsm Na-phosphate 
buffers with pH's ranging from 5.7 to 9.2 were employed. After three 
washes t^e erythrocyte ghosts were suspended in 5 volumes of the 
corresponding buffer. 
To sLir1'' i^entiial 'crvptic ' ictivities (increase of membrane-
119 
bound enzyne .Tctivity l)y fri'^ondnt¡ on), erythrocyte "'іозсч pre­
pared at various osmotic strengt1^ were nixed with also 5 voluines 
of water. The effect of Triton X-100, a non-ionic dctersent, was 
also studied hy suspending 1 volume of eryt'irocyte ghosts pre­
pared at different osmotic strength in 5 volumes of il Triton Ч-1ПТ 
solution (endconcentration 0.2%). After Π minutes in an ice bit^, 
part of these suspensions was used for enzvme TS^T/S irmediatelv, 
and another part was centrifuged (ЗО.ЭЭО g; 30 nin.) лпі super-
natants and pellets were assayed separately for 'IT-PRT and 'V-DRT 
activity. 
The 30,000 g henolysate supernatants, obtiiner' after lysis o r 
the erythrocytes at varying osmolarities and pH Viilu^s, woro 
treated in the same way. 
Enzyme assays. 
• — 
HG-FRT activity was determined hy measuring the conversion o r 
8- С -hypoxanthine (spec.act. 59 mCi/rmole; ndiochenical 
centre, Amershan) to 5'-ITÍP in the presence of the co-suhstra »rr· 
5'-phosphoribosyl-1-pyrophosphate (PRP?; Na-Salt fron Signa). 
The A-PRT activity was assayed by measurin-, tbc nR''p-depen'ient 
conversion of 3- С -adenine to S'-A'tP. The reaction nixture 
(final volume 50/ul) contained '4 moles of labeled purine base, 
30 nmoles PRPP, 5/umoles Tris (pH 7.4), 0.5 »mole ''.^ СІ ani 2~у 
protein (^host- or supernatant fractions). After incubation for 
1 hour at 37 C, the nixtures were amlvsed Kv noans n*7 hiì»ìi-vol·-
tage electrophoresis and рарегсЬгоіпЮ^пр^ as described nre-
1 2 viously . 
Total protein was d e t e r " i n e t ' Ь the net '^o ' of Lowr·«' e t a l . , 
using bovine sernn albumin as s t a n d a r d . ' le io^lobin vas e s t i n a t ' · : 
v i t h the pyridine-haemochronarçen methoJ . Kon-bernoglobin content 
was ca lcu la ted by sub t rac tin", t'-e value obtaini-" ! '"or beno^lobi^ 
from tha t ob t a ine l fnr t o t a l p r o t e i n . 
120 
RESULTS 
Effects of ionic_strength. 
The retention of hemoglobin was markedly affected by the os-
molarity of the hemolysing medium (fig.I). After hemolysis in 
water, the erythrocyte ghost preparation contained about 5% of 
the hemoglobin originally present in the red blood cell.In erythro­
cyte ghosts prepared in buffers with osmolarities between 10 and 
30 mOsm very little hemoglobin was retained: at 20 mOsm less than 
mg Hb or non -Hb /ml packed cells 
18 
ΘΟ 100 
mOs m 
Figure 1 : The effect of the osmolarity of the hemolysing buffer 
on hemoglobin retention in erythrocyte ghost préparât ions, о — о 
non hemoglobin protein (non-Hb); · · hemoglobin (Hb).Mean 
corpuscular hemoglobin: 260 mg Hb per ml packed red blood cells. 
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Figure 2 ( l e f t ) and figure 3 ( r i g h t ) : 
The e f fect of the osmolarity of the hemolysing buffer on HG-PRT 
( f i g . 2 ) and Λ-PRT ( f i g . 3 ) a c t i v i t i e s in erythrocyte ghost prepa­
rat ions. Aliquote of the suspensions were diluted s ixfold in the 
same buffer (•· ··) , water (o o) or in water containing Triton 
X-100 to an endconcentration of 0,2% ( · · ) before assaying the 
enzyme a c t i v i t i e s . 
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0.3% of the original hemoglobin . Increasing the osmolarity from 
30 mOsm to 80 mOsm resulted in increasing amounts of hemoglobin 
retained. The curve for non-hemoglobin protein had a comparable 
shape. The non-Hb/Hb ratio, however, varied with ionic strength: 
at 20 mOsm this ratio was about 14, at 80 mOsm it was approximately 
1. 
The retention of HG-PHT and A-PRT was also influenced by the 
osmolarity of the hemolysing buffer: at low concentrations low 
activities were measured, whereas at intermediate osmolarities 
marked optima of HG-PRT and A-PRT activity were observed (figs. 
2 and 3). 
Phase contrast microscopy revealed structural differences 
between the various erythrocyte ghost preparations. Intact ghost 
were observed after preparation at osmolarities between 20 and 80 
mOsm, whereas at 10 mOsm there was much fragmentation. Preparation 
with water resulted in complete fragmentation, since no intact 
ghost could be observed. 
Dilution of the various erythrocyte ghost preparations with 
* 
water resulted also in an increase of HG-PRT activity when the 
ghosts were prepared at osmolarities above 10 mOsm (fig.2),Addition 
of Triton X-100 to an endconcentration of 0.2Z resulted in a simi-
ar curve (fig.2). 
The effect of dilution with water in the absence or in the pre-
sence of 0.2% Triton X-100 on A-PRT activity in erythrocyte ghost 
preparations is depicted in fig.3. Here again, a similar stimulation 
of enzyme activity was seen when the ghosts vere prepared at osmo-
larities higher than 10 mOsm. Maximal stimulation of HG-PRT and 
A-PRT activities were found with A0 mOera erythrocyte ghost prepara· 
tions. 
Following treatment with 0.2% Triton X-100 and after centrifugation 
practically all the HG-PRT and A-PRT activities were recovered in 
the supernatant; only traces of enzyme activities were left in the 
30,000 g pellet (fig.4). 
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Figure 4: HG-PRT (left) and \-PRT (right) activities in 30,000 g 
supematants (· ·) and 30,000 g pellets (о——o) after treatment 
of erythrocyte ghost suspensions, prepared at different osmolari-
ties, with 0.2% Triton X-100 before assaying enzyme activities. 
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Figure 5: The effect of pH on the retention of hemoglobin in ghost 
suspensions prepared and washed in 30 m^sm buffer (left) and in 
10 mOsm buffer (right).о—о non-hemoglobin protein (non-Hb) ; 
• · hemoglobin (Hb). 
The HG-PRT and A-PRT activities in the original 30,000 g hemo-
lysate supernatants were neither affected by the different osmola-
rities used for hemolysis and dilution, nor by treatment with 
Trition X-100. 
Effects_of_2H. 
Erythrocyte ghosts were prepared in phosphate buffers at pH 
values from 5.7 to 8.2 and at an ionic strength of 10 mOsm and 
30 mOsm respectively. In this way both fragmented (10 mOsm) and 
intact (30 mOsm) erythrocyte ghosts were studied. HG-PRT and A-PRT 
activities were assayed at pH 7.A in the presence or absence of 
0.2% Triton X-100. The treatment in the pH range between 5,7 and 
8.2 did not produce loss of enzyme activities . 
In fig.5 the retention of lib in 30 mOsm and 10 mOsm erythro-
cyte ghosts is shown. At low pH values relatively much Hb was 
retained in 30 mOsm erythrocyte ghosts: at pH 5.7 about 3% of Hb 
originally present in the erythrocyte; at pH 7.5 the Hb retention 
was 0.3%. At pH 5.7 some 3% of original Hb was retained in 10 mOsm 
erythrocyte ghosts, whereas at pH values higher than pH 7.3 hardly 
any Hb could be detected. The curves for non-Hb protein have a com-
parable shape, but the pH of the hemolysing buffer significantly 
influenced the non-Hb/Hb ratio . For instance at pH 5.7 this ratio 
was about 2 in both 30 mOsm and 10 mOsm ghost preparations. At 
pH 7.8 the non-Hb/Hb ratio was about 14 in 30 mOern ghosts, where-
as in 10 mOsm ghost preparations practically all protein was non-
Hb (fig.5). 
The effect of pH upon HG-PRT activity was marked in both types 
of erythrocyte ghosts. After preparation in 30 mOsm buffer increasing 
HG-PRT activity was retained at pH values higher than pH 7, reaching 
a maximum at pH 7.8 in the absence of 0.2% Triton X-100. 
Addition of the detergent resulted in an 8-fold increase of enzyme 
activity in suspensions of erythrocyte ghosts prepared at pH 5.7, 
but in suspensions of erythrocyte ghosts prepared at pH 8.2 hardly 
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Figs. 6 and 7: The e f fect of pH on the retention of HC.-PRT ( f ig .6 ) 
and A-PRT ( f i g . 7 ) a c t i v i t i e s in erythrocyte ghosts prepared at 30 
mOsm and at 10 mOsm. Enzwie a c t i v i t y was assayed in the corresponding 
buffer ( · · ) and after addition of Triton X-100 to 0,2% (o o ) . 
any stimulation of activity was noticed (fig.6, left). Ghost pre-
pared at 10 mOsm show lower HG-PRT activities and the differences 
between ineabations with and without 0.2% Triton X-100 are less 
pronounced. At higher pH values again no stimulation of HG-PRT 
activity in the presence of Triton X-100 was observed (fig.6,right). 
A-PRT was also susceptible to the effect of pH. In preparations 
at 30 mOsm and lower pH values, treatment with Triton X-100 resulted 
in a considerable increase of activity; incubations without deter-
gent showed a rather constant retention of A-PRT activity (fig.7, 
left). At higher pH values, no increased A-PRT activities were found, 
as was the case with HG-PRT. Erythrocyte ghosts prepared at 10 mOsra 
showed A-PRT activity curves comparable to those with HG-PRT. At 
lower pH values there was a demonstrable increase in activity in 
Triton X-100 treated samples, but with erythrocyte ghosts obtained 
with 10 mOsm buffers at pH values higher than 7.3, no differences 
between Triton X-100 treated and non-treated samples were observed 
(fig.7, right). 
A characteristic peak in the stimulated activities of HG-PRT and 
A-PRT was observed between pH 6.3 and 6.8 with 30 mOsm as well as 
10 mOsm erythrocyte ghost preparations (fig.7,right). 
The enzyme activities in the original 30,000 hemolysate super-
natant s were not influenced by the pH of the hemolysing buffers 
and treatment with Triton X-100 did not result in stimulation or 
inhibition of the soluble enzymes. 
DISCUSSION 
In the study of membrane structure and function, membranes 
of erythrocytes have been widely used, because the so-called 
erythrocyte "ghost"-preparations are relatively easy to obtain 
by osmotic lysis of washed erythrocytes. However, most erythro-
cyte ghost preparations show considerable variability with respect 
to hemoglobin content and enzyme activities . It has been shown 
that the chemical and enzymological composition of erythrocyte 
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membranes varies with ionic strength and pH of the hemolysing 
buffer * . The term "ghost" is a description of the discoid 
bodies obtained after removal of the hemoglobin from the ery-
throcytes. Nevertheless, the limitations of the use of erythrocyte 
ghosts should be realised: the erythrocyte membrane obtained by 
osmotic lysis should be considered as a derivative only of the 
7 8 intact erythrocyte membrane ' · 
It was shown recently, that purine phosphoribosyl transferase 
activities associated with practically hemoglobin free erythro-
cyte ghosts could relatively easily be dissociated from the mem-
brane by sonification, freezing-thawing and detergents .The present 
experiments on the effect of osmolarity on erythrocyte ghost HG-PRT 
and A-PRT activities showed that under certain conditions both 
enzymes were stimulated when the erythrocyte ghosts were diluted 
with water . This increase in activity upon fragmentation of the 
erythrocyte ghosts has been called "cryptic" activity, in contrast 
q 
to the "basic" activity of untreated erythrocyte ghosts . 
The "basic" activities for HG-PRT and A-PRT were maximal in ery-
throcyte ghosts prepared at 30 mOsm (fig.2). These erythrocyte ghosts 
also contained very low amounts of Hb: 0.2% to 0.3% of Hb originally 
present in the intact erythrocytes (fig.l). The marked maxima 
of the enzyme activities could be due to release of inhibitor, but 
experimental evidence supporting this explanation is lacking. Simi-
lar optima at this osmolarity were observed for other erythrocyte 
. . . 10 ghost enzyme activities 
Ghosts prepared at low osmotic strength did not display "cryp-
tic" activity, whereas preparation at higher concentrations resulted 
in rapidly increasing levels of enzyme activities (fig.2 and 3). 
Experiments on several enzymes in carbohydrate metabolism, such as 
lactic acid dehydrogenase and phosphoglycerate kinase associated 
with erythrocyte ghosts.showed similar profiles . During fragmen-
tation, the enzymes apparently become more accessible to substrates 
or other factors. 
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¡ΙΓ.-''ЧТ ini \-'1 ΓΓ -/er·? bot'i rolea.sei! fruì t f ^"t'irocyte ghosts 
jy al.lLtioa of a Triton 4-100 solation: hardly any activity coalJ 
Ъе падчшгеЛ in the T),0TD g pellet . Practically all HG-PRT m l 
Λ-ΡΙΤ activity was found in the 30,000 ρ supernatant fraction. 
The affect of solubilisation on HG-PRT an.' Λ-PRT activities 
was comparable to t^ .at of fragmentation of the erythrocyte ghosts 
by dilution with water. 
The present results show that 4C-PRT and Л-рЧТ activities asso-
ciatec' with erythrocyte ghosts are also markedly affecte 1 by 
changes in p4 as is shown in fÍRS. 'S and 7. ^ ra^nented and in-
tact erythrocyte ßhost fractions(prepared at 10 TiOsm and 30 mOsn, 
respectively) showed varying amounts of Uh depend in™ on the pH 
of the hcnolysint» buffer: at pH values higher than p'l 7.3, 30 mis"! 
I.TJ 10 nOsn gbosts contained less than 0.3' of the original ery-
throcyte Hb (fig.5). Striking was tbe disappearance of the sti-
riulation of enzyme activities at higher p4 values in both 30 mDsm 
aid 10 mHsm ghost preparations. The typical trnxima in both types 
of ghosts prepared at about pH 6.3 has also been observed by 
other workers , but is not possible to give a plausible explana-
tion for this phenoncnon with the present state of knowledge. 
It should be noticed that in contrast to the ΉειΙίΓαηβ asso­
ciated purine phosphoribosyl transferase activities the corres­
ponding soluble enzymes in the 30,000 g henolysate supernatants 
are not affected by the various treatnents applied in this study. 
'Whether or not this difference in enzyne behavior is due to se-
pirate classes of enzymes in cytoplasm and membranes or to con-
figurational alterations caused by the association of identical 
enzymes with the membrane structure remains to be established. 
Since loosely bound proteins are readily removed from the 
red blood cell membranes as the ionic strength of the hemolysing 
medium is lowered, a clear distinction can be made between loosely 
6 I 0 bound (extrinsic) and firmly bound (intrinsic) proteins ' ". 
Also, the association of loosely bound enzymes with the membranes 
is markedly affected by chanpes in pH, whereas that of firmly 
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bound enzymes is not. Therefore,HG-PRT and A-PRT may be classified 
as loosely bound enzymes.Thus far, membrane associated purine 
phosphoribosyl transferases have been reported from bacteria only: 
they seem equally loosely bound, since they can also be released 
by osmotic shock . 
In studies on membrane-enzyme interactions most attention has 
been paid to red blood cell membrane fractions with as little Hb 
as possible. However, it has been suggested recently that hemo­
globin may exert some effect, conceivably conformational in 
о 
nature,on the behavior of red blood cell membranes . From this 
point of view the study of membrane associated enzymes should 
not be limited to almost hemoglobin free erythrocyte ghosts. 
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ASPECTS OF PURINE METABOLISM IN MAN 
C.H.M.M. de Bruyn 
Department of Human Genetics»Faculty of Medicine 
University of Nijmegen, The Netherlands. 
SUMMARY 
Congenital lack of an enzyme of the purine salvage system, hy-
poxanthine-guanine phosphoribosyl transferase (HG-PRT), in man is 
mostly accompanied by a picture known as the Lesch-Myhan syndrome. 
The degree of deficiency may vary from zero to a few percent of 
normal activity but a correlation between severity of HG-PRT de-
ficiency and clinical picture has not been observed, no more than 
a correlation between HG-PRT deficiency and neurological dysfunc-
tion: even individuals with undetectable HG-PRT activity but with-
out the Lesch Nyhan syndrome have been described. Patients with 
partial HG-PRT deficiency have clinically distinctive findings. 
Sometimes mild neurologic abnormalities are observed. Because of 
marked overproduction of uric acid severe gouty arthritis and ret 
nal dysfunction are often encountered in both complete and partial 
deficiency. 
There is considerable molecular heterogeneity in HG-PRT defi-
ciency in man: mutant enzymes may exhibit different kinetic and 
electrophoretic properties, indicating that there might be a muta-
tion on the structural gene coding for HG-PRT. 
Lack of HG-PRT profoundly disturbs purine interconversions. 
Besides an important function of HG-PRT in the uptake of the pu-
rine bases hypoxanthine and guanine into the cell, the effective 
uptake of inosine, guanosine and adenosine also seems to be depen-
dent on HG-PRT. Uptake of purine bases occurs according to a two-
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component system, the first component apparently being identical 
with a phosphoribosyl transferase. 
The inheritance of HG-PRT deficiency is X-linked recessive and 
it is transmitted by asymptomatic carrier females. Several methods 
have been introduced for carrier detection. As a consequence of 
X-chromosome inactivation, in these females a mosaic of HG-PRT 
positive and HG-PRT negative fibroblasts can be demonstrated after 
cloning or after selection of HG-PRT negative cells in a selective 
medium. \ more rapid method involves direct measurements of HG-PRT 
activities in single hairroots from the scalp. Because hairroots 
develop тюге or less clonally, in heterozygote females HG-PRT po­
sitive and negative hairroots are encountered. HG-PRT deficiency 
can be detected antenatally by de-nonstrating the presence or ab­
sence of enzyme activity in amniotic fluid derived fibroblasts 
qualitatively by autoradiography and quantitatively by ultra-
raicrochemical measurements of enzyme activities in single or small 
numbers of cells. 
In studies with isolated cells the metabolic defect can be cor­
rected in several ways: metabolic cooperation between HG-PRT po­
sitive and HG-PRT negative cells leads to apparently normal phe-
notype of all cells, provided there is cell to cell contact.There 
is evidence that a missing enzyme product or a derivative might 
be transferred from the normal to the nutant cells. Apparent 
correction of the enzyme defect is also observed when HG-PRT 
deficient lymphocytes are stimulated with phytohaemagglutinin. 
First data suggestive of genetic complementation between two 
human HG-PRT deficient cell strains, by which hybrid cells can 
synthesize a functionally active HG-PRT, are consistent with the 
view that HG-PRT deficieny in man is due to a structural gene 
mutation. Recent results show that other interesting findings 
might come from experiments in which HG-PRT deficient cells are 
treated with exogenous genetic material (isolated DNA or metapha-
se chromosomes) to re-activate or induce HG-PRT activity. 
133 
INTRODUCTION 
Two fundamentally different pathways lead to the synthesis of 
purine nucleotides (fig.l). One is the de novo pathway in which 
are involved 5'-phosphoribosyl-l-pyrophosphate (PRPP), glutamine, 
glycine,formate, carbon dioxide and aspartate, combined in a se­
ries of ten reactions to form IMP directly. On the other hand, 
cells can also use preformed purine bases and nucleosides, pro-
ATP AMP 
R-5-P^ ^ PRPP 
feedback 
inhibition 
L·- glutamine 
V glycine »ATP 
y~ formate 
'ь- glutamine +ATP 
P^ATP 
• 
r 
r 
feedback 
inhibition 
CO-
aspartate +ATP 
y- formate 
adenine 
xanthine 
uric acid 
de novo 
pathway 
salvage 
' pathway 
Figure 1: Schere of rpict ion«; involvei' H mirine s"ntb?<;Ì4 io novo 
and purine ilЬогсоп сгчіочя. 
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duced during breakdown of nucleic acids. This pathway is called 
"re-utilisation" or "salvage" pathway; it involves the one step 
reaction of the free purine bases to become converted to their 
corresponding 5'-mononucleotides (fig.l). 
Studies on inborn errors in patients with purine disorders have 
contributed considerably towards the present knowledge in this 
field. Detailed articles on X-linked gout and related subjects have 
been published elsewhere (Wyngaarden and Kelley, 1972; Kelley and 
Wyngaarden, 1972). The main purpose of this review is to provide 
a survey of recent experimental findings about the purine salvage 
mechanisms and to discuss further possibilities for general funda­
mental investigations in the field of human genetics. 
1. HYPOXANTHINE-GUANINE PHOSPHORIBOSYL TRANSFERASE DEFICIENCY. 
1.1. С1 inical _exj>r es s ion. 
1.1.1. Syndromes 
The discovery, that in patients affected with the Lesch-
Nyhan syndrome (Lesch and Nyhan, 1964) there was a severe de­
ficiency of hypoxanthine-guanine phosphoribosyl transferase 
(HG-PRT; Seegmiller et al.1967), gave new impulses to the stu­
dy of purine metabolism in man. The Lesch-Nyhan syndrome, cha­
racterised clinically by hyperuricemia, excessive production 
of uric acid, and certain characteristic neurologic features, 
including self-mutilation, choreoathetosis, spasticity and 
mental retardation, is inherited as an X-linked recessive trait 
(Lesch and Nyhan , 1964), and consequently the affected indivi­
duals are males (see 2.1). Data are now available on well over 
100 patients with this disease. In primary familial gout par­
tial deficiencies of HG-PRT have been observed (Kelley et al. 
1967). These patients suffer from severe gouty arthritis and re­
nal complications that are sometines life-threateninfvPart of the 
patients have neurologic abnormalities, ranging from epilepsy 
to spasticity and incoordination (Greene ,1972 ; Yu et al.1972). 
The prevalence of the defect in the gouty population is unknown, 
but to all indications it is not common, presumably not more than 
a few percent (Greene,1972; Yu et al.1972). In fig.2 the HG-PRT 
reaction is shown as a part of the purine interconversion path-
ways. 
In erythrocytes from Lesch-Nyhan patients absolute lack, of 
HG-PRT activity has been demonstrated (Ghadirai et al.1970; Sper-
ling et al.1971). However, activities up to seven percent of the 
normal value associated with the Lesch-Nyhan syndrome have been 
reported (McDonald and Kelley,1971;Mizuno et al.1970). There is 
P-O-H2C o 
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O-P-O-P 
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Figure 2: The hypnxant'-iine-nimin<i phosphoribosyl t r ans fe rnse 
r e a c t i o n . 
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no correlation between the degree of the enzyme deficiency and the 
severity of the clinical picture. 
In individuals with X-linked primary gout activities ranging 
from 0.03% to 30% have been encountered (Kelley et al.1969; Kogut 
et al. 1970; Sperling et al. 1970; Yii et al. 1972). This means that 
there are individuals suffering from the Lesch-Nvhan syndrome, 
in which a higher HG-PRT activity is measured than in gouty pa-
tients, who do not display this syndrome. Moreover, complete lack 
of HG-PRT (<0.01% of normal) has been reported from our own la-
boratory in a gouty patient without the typical findings of the 
Lesch-Nyhan syndrome (Geerdink et al.1973). Neither in intact 
cells, nor in cell free lysates a trace of nucleotide formation 
from hypoxanthine or guanine was observed (de Bruyn et al.1973). 
Also the opposite situation, namely fully normal HG-PRT activity 
associated with features reminescent of the Lesch-Nyhan syndrome, 
has been described (Champanier et al.1972). 
1.1.2. Pathogenesis of neurologic abnormalities. 
A confusing problem is the basis for the neurological dys-
function in HG-PRT deficiency. Central nervous system lesions 
are not found in postmortem examinations of Lesch-Nyhan patients; 
the origin of the aberration apparently is not cell death, but 
cell dysfunction (Rosenbloom et al.1967). 
Hyperuricemia is probably not the cause of the behavioral 
aberrations. In type I glycogen storage disease (caused by glucose-
6 - phosphatase deficiency) the same level of hyperuricemia as 
in the Lesch-Nyhan syndrome can occur from early infancy, but no 
neurologic disability has been observed in these patients (Kel-
ley et al.l9G3; Kaufman and O'Brien,1967). The uric acid concen-
trations in the central spinal fluid (CSF) did not differ signi-
ficantly in normal and Lesch-Nyhan children (Seegmiller et al. 
1967). 
Hypoxanthine levels in the CSF of Lesch-Nyhan patients are 
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atout four times higher than those of normal children (Sweetman, 
1968). It has been proposed that hypoxanthine may exert inhibi­
tory effects on the breakdown of S'-S'-cyclic АЧР. The reason 
for this is that theophylline, structurally related to hypoxan­
thine, inhibits the phosphodiesterase that converts с\ЧР to 5'-
AMP (rtoefnagel,1963). Thus, Lesch-Nyhan patients may accumulate 
abnormally large amounts of c\MP.This suggestion, however, is 
without experimental proof. 
Possible involvements of neurotransmittors have hardly been 
investigated. Reports, that agressive behaviour in rats was 
alleviated by administration of L-5-hydroxytryptophan (L-5-HTP; 
Di Chiara, 1971), led to the idea of treating Lesch-Nyhan pa­
tients with L-5-HTP. It has been claimed recently that the self-
mutilation could be controlled by oral administration of L-5-HTP 
without any adverse effect (4izuno and Yugari,1974). 
Brain tissue normally contains very high concentrations of 
HG-PRT, especially the basal ganglia (Rosenbloom et al.1967).The 
central nervous system is known to depend largely upon the salvage 
pathway for purine synthesis (Howard et al.1970). The phase of 
most rapid nervous system growth occurs perinatally in nammals 
(Andrews and Tata, 1971). Adams et al.(1971) reported that the 
HG-PRT activity of rat cerebral cortex increases rapidly during 
the first three weeks of postnatal life; Gutensohn and Guroff 
(1972) obtained similar findings with whole brain. The rate of 
brain growth in the human neonate is similar to that in the 
5-10 day old rat (Davidson and Dobbing,1966). It is possible 
that there is a similar rapid increase in brain HG-PRT activity 
in the youg infant.This would coincide with the period of greatest 
activity in protein and nucleic acid synthesis and synapse for­
mation. Any failure of brain growth at this stage cannot be cor­
rected later (Dobbing and Sands, 1971). Patients affected with the 
Lesch-Nyhan syndrome tend to be micrencephalic ('-fcKeran et al. 
1974), and this provides support for the view that impaired cel-
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lular proliferation ^ight be a factor in the pathogenesis of 
the brain damage. 
From the foregoing it will be clear that by no means the role 
of HG-PRT deficiency in pathogenesis has been established and 
that future research should be focussed on this crucial point. 
1.2 |lolecular_heterogeneitjr. 
1.2.1. Enzyme measurements 
HG-PRT deficiency is usually established by measurements in 
erythrocyte lysates, because these cells are readily available 
and other enzymes, such as 5'-nucleotidase, guanase or xanthine 
oxidase, which might disturb exact measurements, display only 
very low activities in this type of cells. The absence of 4G-PRT 
activity is not apparently due to an inhibitor of the enzyme be-
cause hemolysates of affected children added to hemolysates of 
unaffected children do not cause a change in HG-PRT activity 
(Seegmiller et al.1967). 
It should be noticed, however, that measurements with intact 
erythrocytes might yield different results with respect to the 
degree of deficiency. Sperling et al.(1971) have shown that the 
incorporation of hypoxanthine and guanine into ribonucleotides 
in intact erythrocytes from certain gouty patients was approxi-
mately 20% of normal, whereas the HG-PRT assay in hemolysate 
revealed an activity only of \-¿Z of normal. In intact Lesch-
Nyhan erythrocytes the incorporation of guanine was 1,1% of nor-
mal; HG-PRT activity in the hemolysate was undetectable (Sper-
ling et al.1971). 
There is another disadvantage in using only erythrocytes for 
measuring rest activities: once the erythrocyte his matured, 
protein synthesis ceases and conserjuently the enzyme to be measured 
must be relatively stable. If a mutation leads to the synthesis 
of a more labile enzyme protein it might very well be possible 
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that its activity is not detectable in erythrocytes even though 
significant activity might be present in other cells. An example 
of this has been reported recently (Dancis et al.1973): in con-
transt to the non-detectable HG-PRT activity in the red blood cells, 
leukocyte lysates from two boys from the same pedigree exhibited 
10-15% of normal activity,possibly reflecting continuing synthe-
sis of an unstable enzyme. In both individuals only mild hyper-
uricosuria was found and no features of the Lesch-Nyhan syndrome 
were observed. 
1.2.2. Enzyme characteristics. 
Evidence has been presented that hemolysates from Lesch-Myhan 
patients contain material which cross-reacts with an antibody 
to the normal HG-PRT enzyme (Rubin et al.1971; Arnold et al.1972). 
This cross-reactive material, presumably representing inactive 
HG-PRT, has been found to be present in a quantity which is si-
milar to that in normal hemolysates. Bakay and Nyhan (1972) have 
examined HG-PRT in hemolysates of Lesch-Nyhan patients using 
poly-acrylamide gel electrophoresis. Among six patients, four 
had a mutant enzyme which migrated 15% faster than in normals;the 
other two had a mutant enzyme with about 12% faster migration. 
These observations indicate that the mutant gene on the X-chromo-
some codes for a protein of altered structure. 
McDonald and Kelley (1971) reported, that HG-PRT activity in 
erythrocyte lysates from one patient with the classical Lesch-
Nyhan syndrome was 0.2% of normal when assayed at a concentration 
of PRPP ( 1 mM), which is saturating for the normal enzyme.At a 
higher concentration of PRPP (20 mM) the activity of the mutant 
enzyme was 6% to 8% of normal with guanine and 34% of normal with 
hypoxanthine. In addition, the mutant enzyme exhibited decreased 
heat stability, sigmoidil rather than hyperbolic kinetics with 
PRPP, as well as an increased Km for both hypoxanthine and 
guanine. Hemolysates from five other patients with the Lesch-Nyhan 
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Syndrome did not show these activities (McDonaldand Kelley,1971). 
Different characteristics of red blood cell HG-PRT from two unrela­
ted patients with Lesch-Nyhan syndrome have also been reported by 
Richardson et al. (1973). HG-PRT from one patient retained a nor·"· 
mal apparent Km for hypoxanthine and PRPP and was inhibited by its 
product. The enzyme was, however, unstable at 50 С when compared 
to normal controls. In another unrelated patient there was also 
decreased heat stability but the other characteristics studied, 
Km and product inhibition, were altered. 
Evidence for genetic heterogeneity also comes from studies with 
cultured skin fibroblasts from Lesch-Nyhan patients. Kelley and 
Meade (1971) studied 11 mutant cell strains with mean HG-PRT ac­
tivities ranging from 0.6% to 7% of that observed in normal cells. 
In contrast to the normal enzyme, the enzymes from 8 mutant 
strains were relatively heat labile and the enzyme from I strain 
was not responsive to product inhibition by GMP or IMP. Similar 
findings indicative of molecular heterogeneity with respect to 
partial HG-PRT deficiency associated with gout have been reported 
(Kelley et al. 1969; Sperling et al.1972). 
It has been found that part of the erythrocyte HG-PRT and A-PRT 
activities is associated with the red cell membrane. Both enzyma­
tic activities were demonstrated in experiments with intact cells 
and in experiments with thouroushly washed, practically hemoglobin 
free erythrocyte ghosts (de Bruyn and Oei, 1974 ); pH and osmo-
larity of the hemolysing medium markedly influenced the retention 
of both phosphoribosyl transferases; after dilution of the ery­
throcyte ghost suspensions with water the ghosts were fragmented 
and HG-PRT and A-PRT were released from the membranes. Concom-
mittently, an increase in the activity of both enzymes was ob-
b 
served (de Bruyn and Oei, 1974 ). These results indicate that 
heterogeneity might not only arise from different structural gene 
mutations, but also from specific membrane-enzyme interactions 
playing an additional role in more or less effective purine salvage. 
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1.3 Purine_metabolism_in_HG-PRT deficiency. 
The most prominent disturbance of the metabolism occurring in 
individuals with HG-PRT deficiency is the excessive production of 
uric acid, the excretion product of purine metabolism in man. There 
are at least two mechanisms which could be responsible for the uric 
aciduria: 
(1) Hypoxanthine and guanine cannot be converted to I'fP and GMP, 
respectively. Both bases are oxidised by the enzyme xanthine 
oxidase to uric acid. 
(2) Purine synthesis de novo is significantly increased as a conse-
quence of HG-PRT deficiency, because the products of the HG-PRT 
reaction have shown to exert feed-back inhibition on the first, 
rate limiting, step of purine synthesis de rovo (Henderson ani 
Khoo, 1965). Probably of considerable importance is the fact 
that in HG-PRT deficient fibroblasts the levels of PRPP are 
about four times that of normal cells (Greene et al.,1971).It 
has been shown that the rate of synthesis of PRPP is in the 
same range for both normal and mutant fibroblasts (Rosenbloom 
et al.1968). Thus, the greater amount of free PRPP in HG-PRT 
deficient cells is apparently a result of diminished utilisa-
tion of this substrate by HG-PRT. This extra PRPP becomes avail-
able for the first step of purine synthesis de novo, in which 
it is also needed as a substrate. 
The purine salvage pathway is of special importance in tissues 
unable to synthesize purines de novo, such as the mature erythro-
cyte. It has been observed that in the irttact human erythrocyte 
HG-PRT is directly or indirectly involved in the uptake of the 
purine bases hypoxanthine, guanine and adenine, as well as in the 
interconversions of inosine, guamsine and adenosine (de Bruyn 
and Oei, 1974 ). it was found that the common pathway for guano-
sine, guanine, inosine and hypoxanthine to become converted to the 
nucleotide level is the HG-PRT reaction. 
Adenine incorporation in HG-PRT deficient cells was higher than 
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in norm.il erythrocytes, a finding consistent with the increased 
Λ-PRT activities encountered in HG-PRT deficient red blood cell 
lysates (Seegmiller et al. ,1967). Under certain conditions the 
main product of adenosine metabolism in the intact normal ery­
throcyte is IMP (Meyskens and Williams,1971); the pathway leading 
to this involves conversion of adenosine to inosine and hypoxan-
thine. Proof for this came from experiments with intact HG-PRT de­
ficient erythrocytes: main endproduct of adenosine metabolism was 
hypoxanthine rather than I4P (de Bruyn and Oei,1974 ) . Incorpora­
tion of the labeled purine bases adenine, hypoxanthine and guanine 
into intracellular purine nucleotides and bases, as well as into 
nucleic acids of cultured skin fibroblasts has been studied by 
Raivio and Seegmiller (1973). In HG-PRT deficie.it fibroblasts ade­
nine was metabolised normally, whereas nucleotide synthesis from 
hypoxanthine and guanine was less than 27, of normal. 
Major metabolic products of isotopically labeled adenine in 
fibroblast extracts from both HG-PRT deficient and normal subjects 
were identified as AMP, adenosine and inosine (Itiaba et al., 1973). 
However, it is difficult to extrapolate these f inclines to 
findings with intact cells. Therefore, it seems indicated to study 
purine interconversions in both intact and fractionated cells. 
In intact human erythrocytes there exists a two component sys­
tem for the transport of guanine,hypoxanthine and adenine. The 
first component is a saturable, nucleotide forming and PRPP depen­
dent system. The second component, only acting when the first com­
ponent is saturated, is пол-saturable and of the diffusion type .With 
respect to hypoxanthine and guanine transport, the first component 
might be identical with HG-PRT, since in HG-PRT deficient erythro­
cytes the transport of both bases exclusively takes place accor­
ding to the second non-saturable system (Je tVruyn and Oei,1974 ). 
Tiie physiological concentration of free purine bases in human tis­
sues, including blood (3,u4 to 20 ,uM) , is in the range where the 
saturable, nucleotide fomin^ nart of fie transport system accounts 
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for a major part of purine uptake. 
2. GENETIC ASPECTS OF HG-P4T DEFICIENCY. 
2.1 Mode_of _inheritarice¿_linkage_studies . 
Studies of pedigrees affected with the Lesch-Nyhan syndrome 
have indicated that the locus for HG-PRT is on the X-chroraosome 
and that the mode of transmission is X-linkod recessive (Nyhan 
et al.1967; Henderson et al.,1969; van der Zee, 1972; de Bruyn 
et al.,1973). Studies on families with one or more "ne-ibers affec-
ted with partial HG-P4T deficiency are likewise consistent with 
an X-linked mode of inheritance (Kelley et al.,1969). 
Mapping of the X-chromosome has received attention from both human 
geneticists and experimental cell biologists. In studies of fami-
lies with complete anJ incomplete HG-PRT deficiency, data obtained 
were compatible with linkage between the HG-PRT and the Xg(a) 
antigen locus (Shapiro et al.1966; Henderson et al.1969). Statis-
tical analyses of a greater number of kindreds have shown that the 
HG-PRT locus is not within measurable distance of the Xg(a) anti-
gen locus (Greene et al.,1970). In a study of HG-PRT deficiency 
and glucose-6-phosphate dehydrogenase (G-6-PD) types A and В in 
one kindred, Nyhan and co-workers concluded that these two X^chromo-
somal loci are not closely linked (Nyhan et al.,1970). 
Recently, in vitro methods have been developed for linkage 
studies using hybrid strains of fibroblasts. Mouse-human hybrids 
have been very usefull in attempts to assign a chromosomal locus 
for some human genes. The continuing loss of human chromosomes 
from the mouse-human hybrid leads to a loss of the human contri­
bution to the proteins of the hybrid cell. The invariable asso­
ciation of any two human proteins in such hybrids would suggest 
that they might be specified by genes on the same chromosome. Such 
a joint segregation of genetic markers can be used to define link­
age groups (Weiss and Greene,1967; Ruddle,1972). 
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With these techniques it was shown that in human fibroblasts 
HG-PRT, G-6-PD and 3-phosphoglycerate kinase (PGK) are linked 
(Meera Khan, et al.,1971). On the basis of frequent separation 
of the HG-PRT and G-6-PD loci in man-mouse hybrids, as a result 
of chromosome breakage, it was concluded that the genes for HG-
PRT and G-6-PD are not closely linked (Miller et al.,1971). Using 
man-mouse hybrids of which the human parental cells carried a 
translocation of most of the long arm of the X-chromosome to an 
almost intact chromosome no.lA, evidence was obtained that the 
genes for HG-PRT, G-6-PD and PGK are most probably located on the 
long arm of the X-chromosome (Ricciuti and Ruddle, 1973). 
2.2 X-chromosome inactivation. 
Lyon (1961) has proposed the random inactivation early in em-
bryonic life of one of the two X-chromosomes in female somatic 
cells. This means that in females only one of the two X-chromo-
somes is functionally active in each so-natic cell. If one of these 
X-chromosomes carries a mutant gene, such a female would be a 
mosaic for that mutation, with part of her cells being normal and 
part being abnormal. 
According to the Lyon hypothesis one would expect that in fe-
males heterozygous for HG-PRT deficiency intermediate levels of 
erythrocyte HG-PRT activities would be found. However, in most 
heterozygotes normal levels of HG-PRT have been encountered 
(Kelley, 1963). The mutant enzyme could not be detected in erythro-
cyte lysates from a proven heterozygote (McDonald and Kelley, 1972). 
These findings suggest that either inactivation of the X-chromo-
some is not random or that random X-chromosome inactivation is 
followed by selection against erythrocyte precursors synthesising 
the mutant enzyme. 
However, carriers with intermediate erythrocyte HG-PRT activity 
have been reported (Chow et al.,1970; de Bruyn et al.,1973). It 
is interesting to note that one cf these findings comes from 
145 
studies on a family with complete HG-PRT deficiency but without 
the Lesch-Nyhan syndrome (Geerdink et al.,I 973). In partial HG-
PRT deficiencies associated with gout intermediate activities 
have been observed in heterozygous females (Henderson,1968; Emmer-
son and Wyngaarden ,1969; Emmerson et al.,1972). Nyhan and asso­
ciates (1970) reported two sisters, both obligate heterozygotes 
at the G-6-PD and HG-PRT loci. As was determined from family 
analysis, the В allele of G-6-PD was in cis configuration with 
the HG-PRT allele, and the single erythrocyte phenotype, i.e. 
G-6-PD type B, was apparently due to selective overgrowth of the 
hematopoietic precursor cells expressing the HG-PRT allele. How­
ever, to explain all the findings reported, more detailed studies 
are needed. 
With respect to lymphocytes, inconsistent reports have appeared. 
No HG-PRT deficient lymphocytes were observed in known female 
carriers after autoradiographic experiments (Dancis et al.,1963). 
Using a different technique, Albertini and de Mars (1974) demon­
strated a mosaicism of peripheral blood lymphocyte populations 
in females heterozygous for HG-PRT deficiency. In these studies 
advantage was taken from the finding that phytohaenagglutinin-
3 
stimulated Η-thymidine incorporation into blood lymphocytes in 
vitro was inhibited by 8-azaguanine in cells from normal indivi­
duals, but not in cells from boys with the Lesch-Nyhan syndrome. 
3 . . . . 
In 3 heterozygous girls the H-thymidme incorporation in a 
minority cell population comprising 5-10% of the total was found 
not to be inhibited by 3-azaguanine,while no mosaicism was found 
in a heterozygous women of 40 years. It was suggested that in vivo 
selection against HG-PRT deficient lymphocytes might occurjbut 
that this is not absolute and may be age related. 
Definite answers to these questions might come from direct 
HG-PRT activity measurements in single lymphocytes, since it has 
recently been reported that it is possible to quantitatively assess 
HG-PRT activity at the single cell level (Ilösli et al., 1974; de 
146 
Bruyn e t я 1 . , І 9 7 4 а ) . 
2.3 Ç a r r i e r _ d e t e c t i o n . 
Being X-linked r e c e s s i v e , IIG-PRT def ic iency i s t ransmi t ted by 
asyraptcsnatic heterozygous females and for the purpose of genet ic 
counsel ing i t i s important to i den t i fy such c a r r i e r s . Any p r e g -
nancy exposes a c a r r i e r to a 1 in 2 r i s k of producing an affected 
boy, and a 1 in 2 r i s k of producing a heterozygous g i r l . The t e c h n i -
ques of amniocentesis and amniotic f lu id c e l l c u l t u r e s a l low a n -
t e n a t a l d i a g n o s i s . This can be achieved by autoradiographic demon-
s t r a t i o n of the ( i n ) a b i l i t y to incorpora te labeled hypoxanthine 
or guanine i n to nuc le ic ac id s (Fujimoto e t a l . , I 968 ;De Mars e t a l . 
1969). A more rapid and q u a n t i t a t i v e method i s the radiochemical 
u l t r a -mic ro assay of HG-PRT a c t i v i t y in s ing le amniotic f lu id d e -
r ived f i b r o b l a s t s (de Bruyn e t a l . , 1974 ).Most c a r r i e r s of HG-PRT 
def ic iency have been i d e n t i f i e l by s tud ies on cu l tu red skin f i b r o -
b l a s t s . In e a r l y s t u d i e s i t was demonstrated t h a t a heterozygote has 
two c lona l popula t ions of wild type and mutant c e l l s ('ligeon e t a l . , 
1963). In uncloned c e l l popula t ions no mosaicism was observed as a 
r e s u l t of a phenomenon known as metabolic coopera t ion : HG-PRT d e f i -
c i e n t c e l l s a re apparen t ly cor rec ted for t he i r metabolic defec t 
when they are in con tac t with normal c e l l s (Friedmann e t a l . , I 968; 
Dancis e t a l . , 1 9 6 9 ; see a l so 3 .1 ) . More recent s tud ies made use 
of s e l e c t i v e c u l t u r e media, conta in ing purine analogues such as 
6-thioguanine and 8-azaguanine. These compounds are abnormal sub-
s t r a t e s for HG-PRT and they are toxic to c e l l s tha t can incorpora te 
them. Thus, enzyme d e f i c i e n t c e l l s can grow well in t h e i r p resence , 
but c e l l s of normal phenotype are i nh ib i t ed (Migeon,1969;Wood and 
Pinsky,1970; Fe l i x and de Mars,1971; Hagemeyer et a l . 1 9 7 2 ) . 
These s t u d i e s i m p l i c i t y or e x p l i c i t l y assume t h a t 3-azaguanine 
r e s i s t a n t mutants r ep re sen t a biochemically homogeneous c l a s s . Se-
l e c t i o n in 8-azaguanine conta in ing medium, however, has shown to be 
dependent on the concen t ra t ion of the toxic analogue. Three degrees 
of HG-PRT def ic i ency have been observed in mouse f i b r o b l a s t s : a c l a s s 
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of h ighly r e s i s t a n t c e l l s with an average of 1 % of wild type 
HG-PRT a c t i v i t y ; a second c l a s s , represented by a s e r i e s of c e l l 
l i n e s which were moderately r e s i s t a n t , showed an average of 35% of 
wild type HG-PRT a c t i v i t y ; a t h i r d c l a s s , se lec ted a t very low 6~ 
azaguanine concen t r a t i ons , d isplayed HG-PRT a c t i v i t i e s of 63% of 
wild type a c t i v i t y ( L i t t l e f l e i d , 1 9 6 4 ) . Similar r e s u l t s have been 
obtained with cu l tured human lymphocytes (Nuki e t a l . ,1974).'lorrow 
e t a l . (1973) i s o l a t e d 3-azaguanine r e s i s t a n t Chinese hamster c e l l s 
which were not d e f i c i e n t in HG-PRT. Another complicat ing f ac t i s 
t h a t r ecen t da ta suggest a mutagenic ac t ion by 8-azaguanine i t s e l f 
(van Zeeland e t a l . 1 9 7 4 ) . From t h i s i t i s evident t ha t 8-azaçuanine 
r e s i s t a n t l i n e s c o n s t i t u t e a biochemical ly heterogenous populat ion 
and tha t i t i s of utmost importance to c a r e f u l l y c h a r a c t e r i s e these 
c e l l c u l t u r e v a r i a n t s . 
A much more rapid method for phenotypic d iagnos i s of Lesch-Nyhan 
heterozygotes by d i r e c t assay of HG-PRT a c t i v i t y in sinrçle Ьчіг 
f o l l i c l e s obtained from the scalp was introduced by G a r t l e r e t a l . 
(1971). The h a i r f o l l i c l e s t a r t s from a small number of c e l l s and the 
p r o b a b i l i t y of obta in ing a f o l l i c l e with only one of the X-linked 
a l l e l e s being expressed i s r e l a t i v e l y g r e a t . According to G a r t l e r et 
a l . ( 1 9 6 9 ) the frequency of such nonraosaic f o l l i c l e s i s g r e a t e r 
than would be expected by chance, because the c e l l s of the sca lp 
are not d i s t r i b u t e d a t random but e x h i b i t a c e r t a i n degree of c l o n a l 
growth. Extending these observa t ions , i t was observed t h a t the 
c h a r a c t e r i s t i c s of h a i r root HG-PRT in many ways resemble those 
of e r y t h r o c y t e s (de Bruyn and Oei,1974 ) . In c a r r i e r d e t e c t i o n 
s t u d i e s the HG-PRT/A-PRT a c t i v i t y r a t i o i s used as an index for 
teterozygosity, because expressing the a c t i v i t i e s i n t h i s way ob­
v i a t e s problems of p r o t e i n e s t i m a t i o n in s ingle h a i r r o o t s .More­
over a normal h a i r r o o t with l i t t l e or no f u n c t i o n a l l y a c t i v e c e l l s 
could be m i s c l a s s i f i e d as a mutant h a i r r o o t i n the absence of ч 
re ference enzyme Mich лч Л-РЧТ. 
Although the normals exhib i ted a wide range of HG-PRT/A-PRT r a t i o s , 
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t h e r e was no overlap with the values for a f fected hemizygotes 
( G a r t l e r e t a l . , 1 9 7 1 ; de Bruyn e t a l . , 1 9 7 3 ) . The heterozygotes 
mostly showed t h r e e c l a s s e s of h a i r r o o t s : those with d e f i c i e n t 
a c t i v i t y , those with in termediate a c t i v i t y and those with normal 
a c t i v i t y . Studies with h a i r r o o t s from females shown t o be h e t e r o ­
zygous on the b a s i s of the presence of 3-azaguanine r e s i s t a n t c e l l s 
among t h e i r sk in derived f i b r o b l a s t s , unambiguously assigned these 
feriales a s c a r r i e r s (de Bruyn e t al.,197A ) . Francke e t a l . (1973). 
examined h a i r r o o t HG-PRT and А-РЯТ q u a l i t a t i v e l y , using p o l y a c y l -
a.nide gel e l e c t r o p h o r e s i s with s imi lar d i s c r i m i n a t i v e r e s u l t s with 
r e s p e c t to the d e t e c t i o n of heterozygous females. 
I t seems l i k e l y t h a t h a i r r o o t s might become considerably more 
important in genet ic i n v e s t i g a t i o n s . I t could be of s p e c i a l v a l u e 
in s t u d i e s of X-chromosome i n a c t i v a t i o n . a s h a i r r o o t s often c o n s i s t 
of c e l l s of only one type and, t h e r e f o r e , may be considered as 
c l o n e s . 
3. CORRECTION OF TIE GENETIC DEFECT IN HG-PRT DEFICIENCY. 
3.1 Metabolic c o o p e r a t i o n . 
A problem i n the s t u d i e s of heterozygotes has been the d i f f i ­
c u l t y in demonstrating c l e a r l y (by autoradiography) a mixed popu­
l a t i o n of HG-PRT p o s i t i v e and HG-PRT negative c e l l s i n skin f i b r o ­
b l a s t c u l t u r e s (Migeon e t a l . , 1 9 6 8 ; Salzman e t a l . , 1 9 6 3 ) . 
The reason for t h i s was indicated i n experiments with a r t i f i c a l 
mixtures of HG-PRT and HG-^ RT c e l l s (Friedman et a l . 1 9 6 3 ; Dancis 
e t a l . , 1 9 6 3 ) . Normal HG-PRT f i b r o b l a s t s incorpora te r a d i o a c t i v e 
hypoxanthine or guanine i n t o i n t r a c e l l u l a r nuc leot ides demonstrable 
a t the c e l l u l a r leve l by autorndiographic methods, while skin f i b r o ­
b l a s t s from p a t i e n t s with severe HG-PRT def ic iency show a marked 
r e d u c t i o n in i n c o r p o r a t i o n of these n u c l e o t i d e s under s i m i l a r con­
d i t i o n s . However, HG-PRT f i b r o b l a s t s grown in c lose c o n t a c t with 
normal f i b r o b l a s t s become l a b e l e d . This phenomenon has been c a l l e d 
metabolic cooperat ion (Subak-Sharpe a t a l . , 1 9 6 6 ) . I t has been ob-
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served that mixtures of normal and HG-PRT de f i c i en t Chinese hamster 
f ibroblasts which undergo metabolic cooperation are a lso i o n i c a l l y 
coupled and have gap junctions (Gilula et a l . , 1972) .Severa l hypo-
theses have been advanced to explain this apparent metabolic cor-
rect ion of the genet i ca l ly defect ive c e l l . A p o s s i b i l i t y i s that 
normal c e l l s provide HG-PRT def i c i ent c e l l s with a substrate that 
corrects the defect and enables the mutant c e l l s to synthétise a 
functional HG-PRT. This substance might be episomal DNA, messenger 
RNA or a regulatory molecule that s t a b i l i s e s of a c t i v a t e s the mutant 
enzyme. To date, no experimental evidence in favour of th i s p o s s i -
b i l i t y has been reported. A second p o s s i b i l i t y i s that normal c e l l s 
may provide HG-PRT de f i c i en t c e l l s with preformed enzyme and in th i s 
way enable the mutant c e l l s to metabolise hypoxanthine and guanine. 
In favour of th i s p o s s i b i l i t y seems the observation that cultured 
HG-PRT f ibroblas t s , harvested by trypsination and incubated with 
sonicate prepared from normal c e l l s , showed part ia l restauration 
of the HG-PRT a c t i v i t y in the def ic ient c e l l s (Ashkenazi and 
Gart ler , I971) . The data further suggested that the restauration 
was due to the absorption of factors of proteinaceous nature, 
presumably the appropriate enzyme. The absorption was dependent 
on the time after transfer and on concentration. The h a l f - l i f e of 
the absorbed HG-PRT a c t i v i t y was similar to the half l i f e of the 
comparable HG-PRT a c t i v i t y in normal c e l l s (Ashkenazi and Cartier , 
1971). 
More evidence, however, i s avai lable for a third p o s s i b i l i t y , 
that i s normal c e l l s synthesize the nucleotide which i s trans-
ferred to the mutant c e l l s as nucleotide or as a product of the 
nucleotide (Cox et a l . , 1 9 7 0 ; Cox e t a l . , 1 9 7 2 ; Oei ani de 3ruyn, 
1974). 
After separation of HG-PRT de f i c i en t f ibroblas ts from nornil 
c e l l s , there was a prompt reversion to the nut-int phenotype a l -
though normal HG-PRT was stable under the con l i t ions usei'. for 
many hours (Cox e t a l . , 1970). These re su l t s are in contradictio:! 
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with those obtained by \shkenazi andGartler, mentioned above.An 
explanation for this inconsistence might be that recently tryp-
sinised HC-PRT deficient fibroblast used by Ashkenazi and Cart-
ier incest particles containing the enzyme HG-PRT from normal cell 
sonicites and therefore temporarily are able to incorporate hy-
poxanthine and guanine. 
In contrast to studies discussed above, Oei and de Bruyn 
(1974) have analysed the process of metabolic cooperation sepa-
rately in the HG-PRT and HG-PRT cells before and after inter-
action of both types of cells. Normal lymphocytes from a female 
. 3 
were preincubated in H-hypoxanthine containing medium and then 
washed out. These preincubated normal female lymphocytes were 
then mixed with an equal amount of untreated isolated lymphocytes 
from a Lesch-Nyhan patient (male). The cells were spun down to 
assure cellular contact. After incubation, but before autoradio-
graphy, the male HG-PRT cells were identified by staining the 
Y-chromosome with quinacrine mustard. The male HG-PRT deficient 
lymphocytes with the fluorescent Y-chromosome showed labeling af-
ter autoradiography, indicating that the deficient cells had re-
ceived label from the normal cells. In similar experiments me-
tabolic cooperation was also demonstrated between normal ery-
throcytes and mutant lymphocytes and between normal erythrocytes 
and mutant fibroblasts. 
In the course of other studies (de Bruyn and Oei,1974 ) it was 
observed that in the preincubated normal erythrocytes, under the 
conditions used, practically all radioactivity was present as 
IMP when hypoxanthine was added to the incubation medium. These 
preincubated erythrocytes, capable of carrying out metabolic 
cooperation, might be considered as "packages" of IMP. Therefore, 
the material transferred to the HG-PRT deficient lymphocytes or 
fibroblasts might be IMP or a derivative which could be incor-
porated by the HG-PRT deficient cells. When IMP was simply added 
to the incubation medium, no labeling in the mutant cells was 
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observed. 
Surprisingly, addition of crude cell membrane fractions fro-n 
both normal and HG-PRT deficient fibroblasts or erythrocytes in-
duced incorporation of label, administered as IMP, in HG-PRT de-
ficient fibroblasts. Subsequent experiments with intact HG-P4T 
deficient erythrocytes , incubated with IMP and crude membrane 
fractions, have revealed the appearance of intracellular IMP, 
whereas no intracellular nucleotide was observed when the mutant 
erythrocytes were incubated solely with IMP. (Oei and do Bruyn, 
1974). 
The exact mechanism of these membrane interactions remains to 
be established. The recent finding of HG-PRT activities asso-
ciated with erythrocyte membranes (Je Bruyn and Oei, 1974 ) should 
be borne in mind when studying possible mechanisms of metabolites 
transported (see also 1.2.1). 
Evidence for eventual alternative ways of communication be-
tween intact HG-PRT and HG-PRT cells (e.g.transfer of enzync) 
may come from studies with artificial mixtures, in which both 
types of cells are allowed to undergo metabolic cooperation. Quan-
titative HG-PRT activity measurements on single cells (de Bruvn 
et al.,1974 ) might demonstrate whether or not there exists in 
alternative mechanism of "masking" of gene expression in HG-PRT 
cells. 
The process of metabolic cooperation shows selectivity in thit 
certain HG-PRT deficient fibroblasts from the mouse can not be 
corrected by contact with normal cells» while hamster and human 
fibroblasts exhibit correction. There is also selectivity with 
respect to substances transferred, since other mutant phenotypes 
i.e. G-6-PD deficiencies, are not corrected by contact with nor-
mal cells (Cox et al.1972). In another system, involving correc-
tion of defects in degradation of mucopolysaccharides in Hurler's 
and in Hunter's syndrome, cell to cell contact vas apparently not 
necessary Fratantoni et al., I 968). 
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3.2 'izbridisation_of_somatic_cellsi 
As already discussed under 2.1, interspecific hybrids have pro-
ved to be efficient tools for the napping of the human chromosomes. 
\nother obvious application of the hybridisation technique is the 
study of re5ulation of gene expression in the hybrid cell. The 
demonstration of hybrid enzymes indicates that both parental 
¡jenes are functioning and that subunits specified by parental 
genes associate to produce hybrid molecules. As far as HG-PRT is 
concerned , this has been demonstrated in man-mouse hybrids (Shin 
et al.lJ71). 
There are indications, however , that the genes of one parental 
cell may influence the expression of the genes of the other. It 
has been reported that when normal cells or cells of low malig-
nancy were fu4ed with several highly malignant established tumor 
lines, malignancy was suppressed (Davidson et al.1966; Harris 
et al.1969). 
On the other hand, activation of a repressed gene has also been 
observed: in most of the hybrids between HG-PRT deficient mouse 
cells (A cells)and normal human cells, both human and murine 
HG-PRT was observed, the human enzyme getting lost, as soon as 
the human X-chromosome was eliminated from the hybrid cells 
(Watson et al.1972). Similar reversion (derepression) has been ob-
served in crossings between another type of HG-PRT deficient mouse 
fibroblasts (1 Я cells) and normal chick embryo fibroblasts: 
HG-PRT in the hybrids was of mouse, not chick, origin (Bakay et 
al.1973). These observations are consistent with the mutation of 
a regulator gene responsible for the absence of HG-PRT activity 
in A and 1 4 mouse cells. Fusion of 4G-PRT deficient rat hepa­
toma cells with normal human fibroblasts yielded clones in which 
rat HG-PRT was re-expressed , suggesting that a genetic factor 
from the human cell determined the expression of the rat struc­
tural gene for HG-PRT (Croce et al.1973). 
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In man, the known HG-PRT deficiencies are most probably due to 
structural gene mutations. Intra-specific somatic cell hybrids 
can be used for complementation analysis of mutations giving simi­
lar phenotypes. If two cells lacking HG-PRT are fused, it is un­
likely that their hybrids will display HG-PRT activity, unless the 
mutations in the parental cell are not the same. The first example 
of interallelic complementation in hybrid cells derived from human 
diploid cells deficient in galactose-I-phosphate uridyltransferase 
activity from patients with galactosemia was reported by Nailer 
et al. (1970). 
By step-wise treatment with 8-azaguanine and o-thioguanine, 
Sekiguchi and Sekiguchi (1973) have isolated four HG-PRT deficient 
clones from Chinese hamster wild tvpe cells. After mutual fusion 
of the clonal mutant cells, partial restauntion of HG-PRT acti­
vity (23.7% - 36.4%) in three crossings was observed. The hybrids 
which had become HG-PRT positive were selected in hypoxanthine 
-aminopterin-thymidine containing medium (ΗΛΤ medium; Littlefiell, 
1964). This selective system was devised for selection of HG-PRT 
positive and thymidine kinase (TK) positive cells. rfG-PRT defi­
cient and TK deficient cells can survive under the usual cul­
ture conditions, since there are two biosynthetic pathways for 
purine and pyrimidine nucleotides. If, however, the de novo syn­
thesis of the nucleotides is blocked with aminopterin, the cell 
must be able to incorporate exogenous hypoxanthine and thymidine. 
Cells lacking either HG-PRT or TK are unable to utilise Ьурохэп-
thine or thymidine and cannot survive. Thus, the hybrid cells 
isolated by Sekiguchi and Sekiguchi by complemenftation have 
acquired the necessary HG-PRT activity and were selected at the 
expense of their HG-PRT deficient parental cells. 
It should be nentioned that certain human HG-PRT deficient 
fibroblasts gradually developed full resistance to Н Г medium, in 
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association with a progressive increase m H-hypoxanthine in­
corporation, as shown by autoradiography (Riccardi and Littleficld, 
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1972). Moreover, a number of 8-iza3uanine resistant Chinese ham­
ster clones , assumed to be HG-PRT deficient, were also resistant 
to U\T neJiun, that selects for HG-PRT positive cells (Morrow 
et al. 1973). The recovery of ИЛТ-rpsistant cells which have 
p'ienotypically normal rIG-PRT activity indicates that the origi­
nal mutations which resultel in the resistance to i(-azaguanine 
in Лд mouse cells could not have been deletions of the structural 
gene for HG-РЯТ (Shin et al. 1973). In other words: the recovery 
of lIAT-resistant cells alone cannot be taken as evidence of trans­
fer of genetic information in these fusion experiments (Shin et 
al.1973). Therefore, carefull characterisation of mutant clones 
is neededhefore interpretation of results obtained with selec­
tive culture media. 
First indications that genetic complementation also may occur 
in hybrids from human HG-PRT deficient cells have recently been 
reported from our laboratory (Hosli et al.1974). In these studies 
no selective culture media were employed, but HG-PRT activity was 
estimated quantitatively in individual heterokiryons (hybrid 
cells in which the nuclei have not yet been fused). This ultra-
micro technique allows incubations in exceedingly small volumes 
(0.3,ul) with visually selected, counted numbers of cells (Hosli, 
1972). Using this technique, a reliable radio-chemical method was 
developed for measurements of purine phosphoribosyl transferase 
activities in one single cell (de Bruyn et al.1974 ). Preliminary 
hybridisation analysis with three different HG-PRT deficient 
huamn cell strains indicated complementation in some of the he-
terokaryons (Hosli et al.1974). These findings are in agreement 
with previous data that HG-PRT is present in an inactive form 
in HG-PRT deficient human cells and that the normal enzyme has a 
multimeric (probably dimeric) structure (Rubin et al.,1971; Ar­
nold and Kelley, 1971). More detailed investiçations will esta-
blish the nature of the complementation mechanism. In such inves-
tigations the technique of enzyme activity measurements in single 
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cells might provide an especially efficient tool in complementation 
analysis, because it works without the laborious establishment of 
vital hybrid clones, during which chromosome losses might occur , 
and because any heterokaryon can be isolated without selective 
media. In addition, mutiple crossings can be studied in a few 
(3-5) days, whereas the selective procedure at least requires seve-
ral weeks. 
3.3 Other_¡>romisirig_i)ossibilities. 
There is abundant evidence to show that exogenous DN\ can be 
taken up in a high molecular weight form by mammalian cells (Le-
doux, 1965). Some of the exogenous DMA becomes located in the nu-
cleus of the host cells and has been found associated with the 
chromosomes. Experiments on mammalian cells in culture indicate 
that DNA taken up from the medium may become integrated into the 
cellular genome to give a biochemically identifiable hybrid DMA 
molecule (Ayad and Fox, I 963; Hill and Hillova ,1 971 ) . ΓΓ-ΪΛ can also 
be taken up by mouse enbryos grown in vitro from the 2-cell or 8-
cell to the blastocyst stage; blastocyst diameter and cell number 
were increased after addition of DNA (Snow and Melaren,!974). 
Isolated metaphase chromosomes can equally penetrate into 
mammalian cells in vitro and become incorporated into the nuclei 
of recipient cells (Chorazy et al.1963; Yosiia and Sekiguchi,1963 ; 
Burkholder and Mukherjee,1970). It would be extremely interesting 
to see whether HG-PRT deficient cells, or cells with any other 
enzyme defect, could be corrected for their metabolic defect as 
a result of functionally active exogenous genetic material.lt has 
recently been reported, that genetic information in cultivate! 
cells can be transferred by isolated chromosomes: incorporation 
of Chinese hamster chromosoiies in HG-PRT deficient mouse cells re­
sulted in the appearance of Chinese hamster HG-PRT (McBride inJ 
Ozer, 1973). Evidence that human HG-PRT is expressed in tr.-PRT 
deficient Chinese hamster cells following incorporation of human 
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chromosomal material in the deficient Chinese hamster cells has 
been presented by Wullems et al.(1974). 
In another type of investigations it was reported that HG-PRT 
deficient lymphocytes, which were stimulated by phytohaemaggluti-
nin (P4\) had become able to incorporate labeled hypoxanthine into 
nucleic acids, whereas unstimulated lymphocytes could not (de Bruya 
and Oei,1973; de Bruyn and Oei, 1974 ). These experiments, carried 
out with intact white blood cells, also revealed the formation of 
labeled nucleotides, indicating that the pathway from purine base 
to nucleic acid via the nucleotide was effective. HG-PRT or another 
enzyme might be induced or activated by the action of РИА. It might 
be possible that a low rest activity, still present in the mutant 
cells, is activated by altered intracellular conditions. Glyco­
lysis has been recognised before as a source of energy for PHA 
stimulated processes (Habinowitz et al.1968; Roos ani Loos, 1970). 
A closely linked pathway, the pentose shunt, lead? to the forma­
tion of the immediate precursor (ribose-5-phosphate) for PRPP. 
As already discussed under 1.2, mutant HG-PRT can be activated 
in some cases by increasing the PRPP concentration (McDonald and 
fCclley,l971). 
This rcasonin'» might not only explain our results with PlL\-sti-
mulated HG-PRT deficient lymphocytes, but also the findings of 
Riccardi and Littlefield (1972), who observed gradual adaptation 
of Lesch-Myhan cells to ЧАТ nedium. In these HG-DRT deficient 
cells, purine synthesis de novo is blocked by the aminopterin in 
the MAT medium, liecause PRPP is also an important precursor for 
the de novo pathway, accumulation of free PRPP -nipht result in a 
stimulation of the mutint HG-PRT. 
As was the case with PHA-stimulateJ lynphocvtes, the increase in 
HG-PRT activity in lysates from the HAT treated cells was not mar­
ked, but it might very well be that the activity measured is an 
unierestimation. This as a consequence of the very high activi­
ties of pnzymes involved in ι circular pathway in which PIP or 
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GMP are converted to their corresponling nucleosides and purine 
bases and subsequently are metabolised again to the nucleotide 
level. This situation might not be present in the intact, conpart-
mentalised cells. 
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VI SUMMARY 
This thesis is a compilation of a number of papers dealing 
with purine metabolism in human cells. The main intention has 
been focused on the so-called "salvage" or "re-utilisation" path-
way of purines. 
A congenital lack of hypoxanthine-guanine phosphoribosyl trans-
ferase (HG-PRT), an enzyme of the salvage system, has been reported 
to cause a disorder known as the Lesch-Nyhan syndrome. It was 
observed, however, that lack of this enzyme is not necessarily 
correlated with the Lesch-Nyhan syndrome, since a pedigree was 
presented with complete HG-PRT deficiency, but without the Lesch-
Nyhan syndrome. 
A rapid and reliable method for carrier detection has been 
developed by direct measurement of HG-PRT in single hair roots 
from the scalp. Hairroots are more or less clonal of origin and 
as a consequence of X-chromosome inactivation in females hetero-
zygous for HG-PRT deficiency hairroots have been found which 
were HG-PRT positive, HG-PRT negative and intermediate in HG-PRT 
activity.In this hairroot technique, adenine phosphoribosyl 
transferase (A-PRT) was measured simultaneously in the same hair-
root, the HG-PRT/A-PRT ratio being used as an index for hetero-
zygosity. 
Autoradiographic studies have shown that after stimulation 
of HG-PRT deficient lymphocytes with the mitogen phytohaemag-
glutinin the mutant cells were able to incorporate labeled hy-
poxanthine into macromolecules, whereas unstimulated mutant cells 
were not. Phenotypic correction was also observed when HG-PRT 
positive and HG-PRT negative cells were brought into close 
contact: all cells were able to incorporate labeled hypoxanthine. 
This "metabolic cooperation" can probably be explained by the 
transfer of a reaction product (IMP), or a derivative, from 
normal to mutant cells. 
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Indications for genetic conplpnentation hive boen obtainp-l in 
fusion experiments with threi HG-PRT deficient cell strains. Hy­
brid cells were tested for eventual restauration of HC-'P,-'!T ac­
tivity by direct quantitative assay of enzyie acti vi tv i ι single 
heterokaryons. This ultra-micro methoJ was also adapted for ex­
periments in which only a small number of cells are available, 
such as in rapid prenatal diagnosis. 
Data from a series of experiments on purine metabolism іт in­
tact erythrocytes showed that HCÎ-PRT pliys a crucial role in the 
uptake and interconversions of all purines. Uptake of the purine 
bases guanine, hypoxanthine ani alenine by intact erythrocytes 
occurred according to a two component system: the first part was 
saturable , the second non-saturable. 3y making use of both 
normal and HG-PRT deficient red blood cells evidence was ob-
tained that HG-PRT might play an important role in the first 
part of the transport system for guanine and hypoxaithine, where-
as A-PRT miçht play a similar role with respect to adenine up-
take . 
Investigations with both intact erythrocytes and erythrocyte 
çhosts revealed clearlv demonstrable HG-^RT and X-ORT activities 
in red cell membranes,apart form the activities in the cytoplas-
mic fraction. It was found that the enzyme activities in the 
erythrocyte j;host preparations could relatively easy be release! 
by freezing and thawing, ultrasonic treatment en detergents. The 
osmolarity and pH of the buffer used for hemolysis affected the 
retention of both HG-PRT and A-PRT. Treatment of certain ervfhro-
cyte ghost preparations with the non-ionic detergent Triton X-100 
resulted in solubilisation of both enzymes ani increased specific 
activities x^ ere measure1. These effects were not observed in si-
milar experiments with cytoplasmic 4G-P4T and Ч-^ЯТ. 
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SViCNVVrrr.'C 
Dit proefscliri Ct i s een ^г^чче] i пд лп eon aant-il pub l ík . i t i e s 
OD het ^оЪіе-] лі de purine sto^wisselin,'», іл c e l l e n яп de mens. 
Bii l in^ri j l i s te punt van onderzoe'; in c'cze s t u d i e vormde het zgn. 
' s a l v i l e " of " r e - u t i l i s a t i e ' ' nechanisne van de pur ine basen. 
Лідетзеп i/ordt a.ingeno'nen lat een зал^еЬогеп J e f i c i ë i t i e van 
hypoxa.ithine-guani ie phosphoribosyl t r ans fe rase (НС-РЧТ) , een 
enzyn i n het r e - u t L l i s a t i e systeem voor pur ines , gepaard rçaat met 
' iet ζρ,η. Lesch-'Iyhin syadroon. 'Jit onze s t u d i e s i s gebleken d a t 
het ontbreken van HG-PRT a c t i v i t e i t n iet sekoppeld hoeft t e z i j n 
aan bet Losch-Iïyhaii syiiilroom: een stamboom werd beschreven waarin 
een completo tlG-PRT d e f i c i ë n t i e voorkwam, maar n i e t he t Lesch-Nyhan 
syndroora. 
Voor de c a r r i e r J e t e c t i e werd een sne l l e en betrouwbare metholiek 
ontwikkeld, waarbij de гіС-РЧТ a c t i v i t e i t gerieten ^erd in i n d i v i d u ­
ele haarworte l s , haarworte l s z i jn min of meer c lonaa l van oor-
spron", en a l s gevolg van Ч-chromosoom i n a c t i v a t i e b i j de vrouw 
kunnen bi j heterozygote d r a a g s t e r s van HG-1"?! d e f i c i ë n t i e h a a r -
worte ls worden gevonden die HG-PRT p o s i t i e f , IÎG-PRT nega t i e f , 
en d ie g e d e e l t e l i j k p o s i t i e f , g e d e e l t e l i j k negat ie f z i j n . Bij -leze 
haarwortel techniek werd de a c t i v i t e i t van HG-PIT t e g e l i j k gemeten 
net die van alenine phosphoribosyl t r an s f e r a se (Λ-"KT) in een 
e-i dezelfde haarwortel .Ile verhouding HG-PRTM-PRT werd gebruikt 
voor de d iagnost iek van c a r r i e r s van .ІС-РЧТ d e f i c i ë n t i e . 
Uit a u t o r a l i o g r a f i s c h e experimenten i s gebleken, dat na s t imu-
l a t i e van iIG-РЧТ d e r i c i ë n t e lynphocvt^n - 'et het mitogeen phytohaemg-
g l u t i n i n e ' 'eze de f i c i ën t e c e l l e n in s t aa t waren or r a d i o a c t i e f genar -
koer 1 'lyiioxanthine i r t e bouwen in '"acromoleculen. ~)it in t egen-
s t e l l i n g t u t n i e t ge s t i ivi leerde c l l ^ n , d ie ^een inco rpora t i e 
3 
van H-hypoxanthino v?rtOi)nlen. Fenot-ypiccho co r r ec t 1 e werd 
cvüueens -.Margenomon •jannier l]c-I,T,T ^ o s ' t i p v a en 4G-PP.T negat ieve 
c a l l e a ' iet el'caar in co^'.act v'Td"·! gebraebt : a l Ir cel lori varen 
i r s taal om r a l i i a c t i r f hvpoxant'ii'io f» ; ncornnr eren. "-e lemon-
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s t r ee rd werd dat b i j doze "metabole coöperatie1 1 waarschijnl i jk, het 
product van de HO-PRT r e a c t i e (ΓΙΡ) of een b r u i k b i a r d e r i v a a t Uier­
van overgedragen trordt v in de HG-PRT p o s i t i e v a naar cle HG-PRT пг^а-
t ieve c e l . 
.Vanvijzinden voor genet i sche conplementatie tussen HC-PRT (infi­
c i e n t e c e l l e n werden verkregen door middel v-in c e l - f u s i e e x p e r i ­
menten. Hybride c e l l e n , onts taan u i t fus ies vi-i een ¿ r i o t a l HG-PTT 
d e f i c i ë n t e ce l l i jnen ,werden onderzocht op eventueel herstel.!f> 
HG-P4T a c t i v i t e i t door d i r e c t s l u a n t i t a t i ^ v e r a t i n g van dr· onzym 
a c t i v i t e i t ín af zonder l i jVe hetero!;aryo"is. Deze u l t r a - n i c r o wn-
thode чстЛ ooU ontvi ' ikeld voor an 1ère on lerzoe' - i п^еч aan ' ' l e i n e 
a a n t a l l e n c e l l e n , zoals p r e n a t a l e diagnose. 
Resu l ta ten va-.i e^n s e r i e experinienton vaar in Ie purine stof­
wisse l ing in i n t a c t e rode b loedce l len werd bestudeerd wezen u i t 
d a t HG-PRT een wezenli jke r o l s p e e l t ín 'e ορηητ-e en i n t e r c o a -
v e r s i e s van a l l e p u r i n e s . Aangetoond verd dat de орплпо van de 
bases guanine, hypoxanthine en adenine loor de i n t a c t e « r y t h m e y t 
g e s c h i e l t volgens een tweei í ' l ig systeem: de e e r s t e conpnr.ent i s 
verzad ighaar , de tweede i s n i e t - v e r z a l i g b a a r . "»oor ge^ruiknaking 
van normale en Tir-PRT de f i c i ën te e ry throcy ten werden aan-rijzingen 
verkregen dat HG-PRT een rol spee l t b i j het e e r s t e d^.el van bet 
t r a n s p o r t s y s t e e n voor hypoxanthine en guanine, t e r w i j l '¿enzelfde 
r o l voor Λ-PRT met betrekking t o t het t r a n s p o r t van adenine 
gesuggereerd wer 1. 
Proeven met i n t a c t e e ry throcyten en net e ry tbroevten fthosts 
toonden d u i d e l i j k meetbare HG-PRT en Λ-PRT a c t i v i t e i t e n aan in l» 
c e l membranen van de rode b l o e d c e l l e n , naast a c t i v i t e i t e n in ^et 
cytoplasma. 
Oe enzym a c t i v i t e i t e n in de e rv throcyten ghosts konden b e ­
t r e k k e l i j k genakkeli jk v r i j genaakt '.Orden door vr iezea en dooien, 
u l t r a s o o n t r i l l e n en behandeling net d e t e r g e n t i a . n e o s n o l a r i t e i t 
en pH van de buffer waarvan gebruik gemaakt rerd h i j Je hémolyse 
waren beide van invloed op de r e t e n t i e van MG-^ RT en Λ-^RT. b e ­
handeling van bepaalde erytbrocyten ghost preparaten met het 
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Je tc rçens Tr i ton Ч-ПЭ bad t o t gevolg Int he i de cnzynei vrijkwaríen 
in de oplosbare f r i c t i e en J.it dn spec i f i eke enzymact iv i t e i t en 
toennnen. Deze affoctCT werden n i e t waargenomen in s o o r t g e l i j k e 
cxperi^ieiten -net cyLoplasnat ïsch HG-PRT en А.-РЧТ. 
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STELLINGEN 
I 
Naar analogie van het begrip "heterogenie" zouden de diverse klinische 
vormen van hypoxanthine-guanine phosphoribosyl transferase deficiën-
tie, met name het Lesch-Nyhan syndroom en X-chromosomale jicht, aan-
geduid kunnen worden met "heterophenie". 
II 
Voor een ondubbelzinnige diagnostiek en een doelgerichte therapie in 
grote deelgebieden van de moderne geneeskunde is een bijdrage vanuit 
de anthropogenetica van essentiële betekenis. 
III 
De neurologische dysfunctie bij het Lesch-Nyhan syndroom is slechts 
in relatie tot de neurotransmissie nader te bestuderen. 
IV 
Bij de karakterisering van erfelijke stofwisselingsziekten zijn niet 
alleen metingen noodzakelijk aan gefractioneerde cellen, maar ook aan 
intacte cellen. 
V 
Bij metingen aan intacte cellen aangaande de opname en omzetting van 
extracellulair toegediende stoffen mogen metingen van de veranderingen 
in het medium niet nagelaten worden, mede met het oog op reacties aan 
de buitenzijde van de cel. 
VI 
Van de poly(A)-sequenties bevattende RNA fractie uit kalfslenzen, ge-
ïsoleerd door Lavers et al.,is onvoldoende bewezen dat er sprake is van 
crystaline messenger RNA. 
G.C .Lavers,J.H.Chen and A.Spector (1974), 
J.4ol. Biol. 82, 15-25. 
VII 
Uit de experimenten van Bogdanovsky et al. kan niet worden gecon-
cludeerd dat de door hen geïsoleerde nieuwe RNA fractie essentieel 
is bij de initiatie van de eiwitsynthese. 
D.Bogdanovsky , W.Herman and G.Schapira 
0973), 
Biochem.Biophys.Res.Commun.54, 25-32. 
Vili 
Bij een analyse van meiotische processen in de oöcyt dient met name 
aandacht besteed te worden aan de invloed van hormonale dysfunctie 
op het ontstaan van non-disjunction. 
IX 
Wanneer het belang van onderzoek naar de dermatoglyphen slechts wordt 
afgemeten naar de waarde voor de beschrijving van de patiënt en voor 
de diagnostiek, wordt het belang ervan voor het onderzoek naar de 
etiologie van menige morbiditeit miskend. 
X 
Termen als in vivo en in vitro zijn zodanig ingeburgerd in het engels 
wetenschappelijk taalgebruik dat ze niet langer onderstreept of cursief 
gedrukt weergegeven dienen te worden. 
XI 
De onvoldoende aandacht die in de opleiding van wetenschapsbe-
oefenaren wordt gegeven aan een didactisch verantwoorde presentatie 
van onderzoekgegevens , heeft nadelige gevolgen voor het leerstoelen-
beleid van onze Universiteiten. 
XII 
Gezien de huidige tendensen aangaande de presentatie van Bordeaux 
wijnen, dienen predicaten als "Grand Cru" en classementen, zoals 
dat van de "Grands Crus du Medoc", opnieuw op hun waarde getoetst 
te worden. 
XIII 
Kunstenaars kunnen niet méér talenten tonen dan ze bezitten. Het valt 
te betreuren dat zo weinig wetenschapsmensen zichzelf als kunstenaar 
zien. 
XIV 
Het streven naar democratisering en nivellering mag niet alleen 
voortspruiten uit de gedachte: ik niet, dan jij dok niet. 
Stellingen behorende bij het 
proefschrift van C.H.M.M.de Bruyn, 
Aspects of purine metabolism in Man, 
Katholieke Universiteit.Nijmegen 
22 november ! 974. 



